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Introducing FML-S: 


(fluorometholone 0.1%, sulfacetamide sodium 10%) 
Liquifilm’ sterile ophthalmic suspension 


FML-S Ophthalmic Suspension, the first ophthalmic to combine the advantages of 
fluorometholone 0.1% with the anti-infective coverage of sulfacetamide sodium 10%, is here. 
Allergan Pharmaceuticals joined the time-tested medications to provide a safe 
alternative to conventional steroid anti-infective therapy. 
New FML-S Ophthalmic Suspension. It may be the most useful ophthalmic ever to 
g hit the market. 


The New Combination. 


Note: Employment of a corticosteroid medication in the treatment of patients with a history of herpes simplex requires great caution. 
Please see brief prescribing information on next page. 
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FML-S”™ (fluorometholone, sulfacetamide 
sodium) Liquifilm® sterile ophthalmic suspension 


INDICATIONS AND USAGE: FML-S is indicated for steroid-responsive inflammatory ocular 
conditions for which a corticosteroid is indicated and where superficial bacterial ocular 
infection or a risk of bacterial ocular infection exists. Ocular steroids are indicated in in- 
flammatory conditions of the palpebral and bulbar conjunctiva, cornea and anterior seg- 
ment of the globe, where the inherent risk of steroid use in certain infective conjunctivitides 
is accepted to obtain a diminution in edema and inflammation. They are also indicated 
in chronic anterior uveitis and corneal injury from chemical, radiation or thermal burns 
or penetration of foreign bodies. The use of a combination drug with an anti-infective 
components indicated where the risk of superficial ocular infection is high or where there 
is an expectation that potentially dangerous numbers of bacteria will be present in the 
eye. The anti-infective drug in this product, sulfacetamide, is active against the following 
common bacterial eye pathogens: Escherichia coli, Staphylococcus aureus, Streptococ- 
cus pneumoniae, Streptococcus (viridans group), Haemophilus influenzae; Klebsiella 
species, and Enterobacter species. This product does not provide adequate coverage 
against Neisseria species and Serratia marcescens. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis) and vaccinia. Fungal diseases of 
the ocular structures. Hypersensitivity to any component of the medication. WARNINGS: 
NOT FOR INJECTION INTO THE EYE. Prolonged use of steroids may result in glaucoma, 
with damage to the optic nerve, defects in visual acuity and fields of vision, and in posterior 
subcapsular cataract formation. If used for longer than 10 days, intraocular pressure 
should be routinely monitored even though it may be difficult in children and uncooperative 
patients. Prolonged use of steroids may suppress the host immune response in ocular 
tissues and thus increase the hazard of secondary ocular infections. Various ocular 
diseases and long-term use of topical corticosteroids have been known to cause cor- 
neal and scleral thinning. Use of topical corticosteroids in the presence of thin corneal 
or scleral tissue may lead to perforation. In acute purulent conditions of the eye, cor- 
ticosteroids may mask infection or enhance existing infection. Use of ocular steroids may 
prolong the course and may exacerbate the severity of many viral infections of the eye. 
Employment of a corticosteroid medication in the treatment of patients with a history 
of herpes simplex requires great caution. Fatalities have occurred, although rarely, due 
to severe reactions to sulfonamides including Stevens-Johnson syndrome, toxic epider- 
mal necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic anemia, and other 
blood dyscrasias. Sensitizations may recur when a sulfonamide is readministered, ir- 
respective of the route of administration. If signs of hypersensitivity or other serious reac- 
tions occur, discontinue use of this preparation. (see ADVERSE REACTIONS). Cross- 
sensitivity among corticosteroids has been demonstrated. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. PRECAUTIONS: General: 
The initial prescription and renewal of the medication order beyond 20 milliliters should 
be made only by a physician after evaluation of the patient's intraocular pressure, 
examination of the patient with the aid of magnification, such as slit amp biomicroscopy 
and, where appropriate, fluorescein staining. Drug Interactions: Sulfacetamide prepara- 
tions are incompatible with silver preparations. Carcinogenesis, mutagenesis, impair- 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the possibility of these effects with fluorometholone or sulfacetamide. Pregnancy: 
Pregnancy Category C: Animal studies have not been conducted with FML-S Liquifilm 
Ophthalmic Suspension. Fluorometholone has been shown to be embryocidal and 
teratogenic in rabbits when administered at low multiples of the human dose. 
Fluorometholone was applied ocularly to rabbits daily on days 6-18 of gestation, and dose- 
related fetal loss and fetal abnormalities including cleft palate, deformed rib cage, 
anomalous limbs and neural abnormalities such as encephalocele, craniorachischisis, 
and spina bifida were observed. Kernicterus may be precipitated in infants by sulfonamides 
being given systemically during the third trimester of pregnancy. There are no adequate 
and well-controlled studies of FML-S Liquifilm Ophthalmic Suspension in pregnant 
women, and it is not known whether FML-S can cause fetal harm when administered 
to a pregnant woman. FML-S Liquifilm Ophthalmic Suspension should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. Nursing 
Mothers: It is not known whether topical administration of corticosteroids could result 
in sufficient systemic absorption to produce detectable quantities in breast milk. 
Systemically administered corticosteroids appear in breast milk and could suppress 
growth, interfere with endogenous corticosteroid production, or cause other untoward 
effects. Systemically administered sulfonamides are capable of producing kernicterus 
in infants of lactating women. Because of the potential for serious adverse reactions in 
nursing infants from FML-S, a decision should be made whether to discontinue nursing 
orto discontinue the medication. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions have occurred with cor- 
ticosteroid/anti-infective combination drugs which can be attributed to the corticosteroid 
component, the anti-infective component, or the combination. Exact incidence figures 
are not available, since no denominator of treated patients is available. Reactions occur- 
ring most often from the presence of the anti-infective ingredient are allergic sensitizations. 
Fatalities have occurred, although rarely, due to severe reactions to sulfonamides including 
Stevens-Johnson syndrome, toxic epidermal necrolysis, fulminant hepatic necrosis, 
agranulocytosis, aplastic anemia, and other blood dyscrasias (see WARNINGS). 
Sulfacetamide sodium may cause local irritation. The reactions due to the corticosteroid 
component in decreasing order of frequency are: elevation of intraocular pressure (IOP) 
with possible development of glaucoma, and infrequent optic nerve damage; posterior 
subcapsular cataract formation; and delayed wound healing. Secondary infection: The 
development of secondary infection has occurred after use of combinations containing 
corticosteroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of corticosteroids. When signs of 
chronic ocular inflammation persist following prolonged corticosteroid dosing, the 
possibility of fungal infections of the cornea should be considered. Secondary bacterial 
ocular infection following suppression of host responses also occurs. 
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FIRST, 
YOU CAN'T 
SWALLOW. 


THEN 
YOU CAN'T 


SPEAK. 


FINALLY, 
YOU CAN'T 
BREATHE. 


You have ALS — “Lou Gehrig's 
disease.” 

Gradually, you'll become unable 
to walk or use your hands. You'll find 
yourself drooling. Your reflexes will 
disappear. 

Your mind, however, will remain 
completely clear, leaving you a 
frustrated prisoner in a body you 
can’t control. 

ALS is a fatal neuromuscular 
disorder that attacks adults in the 
prime of life. Right now, no cure is 
known. But the Muscular Dystrophy 
Association has launched an all-out 
assault against this dread disease. 

MDA has developed the world’s 
largest integrated ALS research and 
patient services program. The Asso- 
ciation has established five major ALS 
research centers and maintains some 
230 clinics to help people with ALS 
and other neuromuscular disorders. 
And MDA is the only voluntary 
health agency that provides patients 
with a wide range of medical care 
and equipment free of charge. 

You can help MDA fight ALS and 
dozens of other neuromuscular disor- 
ders by making a tax-deductible dona- 
tion to the Association. You can even 
specify that your check is to be used 
exclusively to bene- |, | 
fit ALS patients. 

There are 
20,000 ALS pa- 
tients in America 
who can't write 
checks or even 
read this ad out : 
loud. Please send b. ® ao 
your contribution Lou Gehrig 
to MDA today. Yankee’s Hall-of-Famer 


NMDA ® 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 





To make a donation or bequest to MDA, or for 
more information on MDA and ALS, write to: 
Muscular Dystrophy Association, 

810 Seventh Avenue, New York, NY 10019. 
Or contact your local MDA office. 


MDA ® is a registered service mark of Muscular Dystrophy Association. Inc 





























































Hydrogen Peroxide in Lens Care: 
Unfounded Indictments 


To the Editor.—It is distressing that the ARCHIVES has 
published a report that appears to suffer so glaringly from 
- a lack of objectivity.’ 
The study by Tripathi and Tripathi demonstrates that 
-< continuous bathing of cultured in vitro human corneal ep- 
~ thelial cells at low levels of hydrogen peroxide during a 
= several-hour period (30 ppm for 4 to 5 hours) results in se- 
vere cell damage and cell death and that higher concentra- 
-< tions have the same effect in a shorter time. 
Since the levels of hydrogen peroxide studied (30 to 100 
| ppm) approximate those levels that may remain following 
soft lens disinfection, by implication, the authors attempt 
to indict such systems. 

The inclusion of the disclaimer “our experimental condi- 
tions in vitro may not be equated directly with the situation 
in vivo,” in the next to last paragraph of a 3%-page article 
hardly seems adequate to offset the clear intent of the re- 
Aa „port to diseredit hydrogen peroxide disinfection systems. 
One major flaw in the report is the authors’ failure to note 
that hydrogen peroxide occurs normally in trace amounts in 
: almost every part of our anatomy. In addition, the normal 
eye contains multiple neutralization systems for hydrogen 
_ peroxide concentration, such as those reported in this study, 
~ which neutralize exogenous hydrogen peroxide concentra- 
> tions to nil in just 30 seconds. 

- Since the multiple physiologic detoxification systems for 
hydrogen peroxide are well known and well studied, there 
< is no excuse for the authors’ misstatement that “by adding 
< exogenous peroxide repeatedly to the anterior surface of the 
_ cornea we are, in effect, bathing the corneal tissues ... both 
< anteriorly and posteriorly.” 

We are not aware of any evidence showing that such lev- 
< els of exogenous hydrogen peroxide can penetrate the intact 
`= cornea and bathe the posterior cornea. To the contrary, the 
aforementioned multiple defense mechanisms of the eye 
£ specifically act to prevent such an event and, furthermore, 
~ it is inconceivable that any living eye structure would be 
3 subjected to the sort of continuous bathing used in this 
~ study. For events such as those described to occur, there 
<. would have to be a near total collapse of normal eye phys- 
=- jologie structure. 

_ The crux of this controversy has its origins in the fiercely 
‘competitive commercial environment in the contact lens 
-care field. As the manufacturers of a major hydrogen per- 
oxide lens care system, we at CIBA Vision, Atlanta, Ga, 
i e to: provide a body of relevant, clinically valid infor- 
concerning such systems. 

best of our knowledge there has not been one sin- 
> of permanent damage to the eye reported to have 
urred as a result of the use of hydrogen peroxide as a 
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contact lens disinfectant. And, perhaps more importanit 
such systems continue to grow in use because they are rec- 
ognized as being among the safest, most efficacious, and 
convenient systems available. 

We welcome legitimate scientific inquiry and eritielins 
concerning our products. However, the sort of biased and 
unsupportable speculation engaged i in by these authors is 
not deserving of publication in a peer-reviewed journal suc? 
as the ARCHIVES. Millions of patients and thousands 
practitioners are using hydrogen peroxide contact lens care 
systems without any evidence of the sort of events hypoth- 
esized by these authors. This study and its publication in he 
ARCHIVES is inconsistent with your otherwise uncompr 
mising standards. 








PAUL C. NICOLSON, PHD 
Atlanta, Ga 


Dr. Nicolson is employed by CIBA Vision Corporation, which ha 
tures and sells contact lens care systems that contain hydrogen peroxide.. 


1. Tripathi BJ, Tripathi RC. Hydrogen peroxide damage to human cornea 
epithelial cells in vitro. Arch Ophthalmol. 1989;107:1516-1519. 


In Reply.—We have no proprietary interest in any contac: 
lens disinfection or solution systems, and our article did: not 
criticize or name any product on the market. It appeal! : 
from Dr Nicolson’s letter, however, that commercial inter- 
est in contact lens disinfection systems which use hydroge: 
peroxide may have influenced his objectivity in reading and 
interpreting the content of our article. 

Our study demonstrated the response of primary altue 
of human corneal epithelial cells to the administration of a 
single dose of hydrogen peroxide at various concentrations 
and not to “continuous bathing” as stated by Dr Nicolson 
It must be realized that, in vitro, the hydrogen peroxide 
would be subjected to cell detoxification systems compara: 
ble with those present in vivo, and that the serum container 
in the culture medium also quenches the activity of t i 
peroxide. : 

We did state in the third paragraph of the discusion tha 
trace amounts of hydrogen peroxide are present in all 1 
ing cells as well as in aqueous humor. The detoxificat 
systems that exist in the cells are apparently insufficient t 
prevent hydrogen peroxide from being cytotoxic if the lev 
els exceed those that are normally encountered, regardless 
of whether the peroxide is added exogenously or. generated 
endogenously in the tissue. This conclusion is supported by 
our own experiments as well as by those of othe 
investigators. 23 Tt is also recognized that the defense mech: 
anisms against free-radical injury decrease in their effec 
tiveness with increasing age.'* This carries the implic l 
that long-term use of hydrogen peroxide by a given patien 
should be monitored for deleterious afena A 














We did not state that exogenous peroxide can penetrate 
the intact cornea and bathe the posterior cornea. Our 
statement, which Dr Nicolson quoted out of context, re- 
ferred to the fact that hydrogen peroxide normally is 
present in the aqueous humor, and thus the corneal endo- 
thelium is exposed naturally to peroxide. If the corneal ep- 
ithelium is also exposed to exogenous peroxide, then both 
the anterior and posterior aspects of the cornea are sub- 
jected to at least trace amounts of this agent. We merely 
questioned the long-term effect of this process. However, 
because concentrations of hydrogen peroxide as high as 200 
ppm have been reported to remain in contact lenses after 
the disinfection regimen, the possibility of penetration of 
hydrogen peroxide into and across the corneal stroma does 
require investigation. 

Dr Nicolson’s argument concerning the time course (30 
seconds) for the neutralization of exogenous hydrogen per- 
oxide by the corneal epithelium in vivo is not applicable, 
because the chemical reactions that cause oxidative damage 
to proteins and lipids may occur on a time scale of 
milliseconds.** Despite the natural protective mechanisms, 
injury to corneal epithelial cells can occur on exposure to 
exogenous hydrogen peroxide at a concentration as low as 
3 ppm.’ Perhaps nothing less than total neutralization of 
peroxide in ophthalmic devices should be acceptable. 

As stated in our report, our investigation was prompted 
by conflicting reports on the cytotoxicity of hydrogen per- 
oxide at various concentrations that may be present in con- 
tact lenses or appliances after disinfection by hydrogen 
peroxide. Dr Nicolson has failed to acknowledge the evi- 
dence that we cited. Moreover, we presented what we con- 
sider to be a balanced discussion in which we contrasted the 
situations in vivo and in vitro. We did not question the ef- 
ficacy of hydrogen peroxide as a contact lens disinfectant, 
as Dr Nicolson implies, but only its margin of safety. 

We welcome scientific inquiry and pursuits, but we are 
concerned about sweeping and anecdotal statements. We 
are sure that Dr Nicolson will agree that those of us who are 
engaged in health care cannot be complacent in protecting 
the health of patients. 

BRENDA J. TRIPATHI, PHD 
RAMESH C. TRIPATHI, MD, PhD 
Chicago, Ill 


1. Spector A. Oxidation and aspects of ocular pathology. CLAO J. 1990; 
16:8-10. 

2. Polansky JR, Fauss DJ, Hydorn T, Bloom E. Cellular injury from sus- 
tained vs acute hydrogen peroxide exposure in cultured human corneal en- 
dothelium and human lens epithelium. CLAO J. 1990;16:523-528. 

3. Hayden BJ, Zhu L, Sens D, Tapert MJ, Crouch RK. Cytolysis of corneal 
epithelial cells by hydrogen peroxide. Exp Eye Res. 1990;50:11-16. 

4. Feeney L, Berman E. Oxygen toxicity: membrane damage by free rad- 
icals. Invest Ophthalmol Vis Sci. 1976;15:789-792. 

5. Fridovich I. The biology of oxygen radicals. Science. 1978;201:875-880. 

6. Imlay JA, Chin SM, Linn S. Toxic DNA damage by hydrogen peroxide 
through the Fenton reaction in vivo and in vitro. Science. 1988;240:640-642. 

7. Williams WF, Baker J, Kelly W, Huth S. Investigation of the effects of 
hydrogen peroxide on corneal metabolism using NMR spectroscopy. Invest 
Ophthalmol Vis Sci. 1988;29(suppl):255. 


A New Elliptical Excision for Corneal Transplantation 
Using an Excimer Laser 


To the Editor.—Current standard corneal transplantation 
techniques use circular, round, mechanical trephines either 
operated by hand or motor driven, under visual control 
through the operating microscope. The anatomic and func- 
tional results of this sight-improving procedure are 
acceptable.’ The two major problems of the procedure are 
disturbing astigmatism and immunologic graft rejections. 


914 Arch Ophthalmol—Vol 108, July 1990 





Excessive corneal astigmatism and optical irregularities 
are caused by incongruent cut surfaces of donor and patient 
corneas and disparities in corneal thickness.' Immunologic 
graft rejection occurs in 10% of avascular corneas and in- 
creases in frequency in vascularized corneas and as the di- 
ameter of the corneal graft increases. 

While for optical purposes it is desirable to have the cor- 
neal graft as large as possible, immunologic requirements 
aim for the opposite result. 

The ultraviolet excimer laser technique enables us to 
overcome the mechanical limitations of the trephination 
procedure and to produce noncircular trephinations.2*> We 
now introduce a new elliptical incision for corneal trans- 
plantation using an excimer laser at 193 nm. 

This new and feasible approach has at least theoretical 
advantages. First, our experimental studies have shown 
that noncontact, nonthermal excimer laser trephination 
produces congruent, parallel, and smooth-cut margins 
avoiding deviations of cutting direction known to result 
from mechanical trephination.? Second, because the outline 
of the corneal margins is not circular but rather elliptical, 
an elliptical shape of the corneal graft makes sense. The 
elliptical graft provides a similar distance to conjunctival 


Fig 1.—Elliptical corneal transplantation with an excimer laser in a 63- 
year-old white man. Top, Preoperative status: posttraumatic bullous 
keratopathy with diffuse corneal scarring. Best corrected visual acuity 
was 20/200 and keratometry readings were 41.00 X 42.00 at the 0° 
axis. Bottom, 6 months after elliptical excimer laser keratoplasty (7.0/ 
8.0 mm for the recipient bed and 7.1/8.1 mm for the corneal graft). Six- 
teen interrupted 10-0 nylon sutures were put in place with knots buried 
in the crystal-clear graft. Best corrected visual acuity was 20/30 and 
keratometry readings were 42.25 X 44.00 at the 160° axis. 
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Fig 2.—Intraoperative situs. The open mask? for the recipient trephina- 
tion is well centered to the pupil. The excimer laser beam (arrow) is po- 
sitioned half on the mask and half on the cornea and is directed by hand 
along the mask until perforation occurs. 


limbal vessels in every sector. It allows larger graft diam- 
eters in the horizontal plane and still permits the placement 
of sutures in an area with intact Bowman’s layer, reducing 
the risk of suture loosening. Third, an elliptical donor but- 
ton fits snugly into the elliptical recipient cornea opening 
and appears resistant to torsion in comparison with a round 
button in a circular opening. Finally, the elliptical button is 
smaller and weighs about 12% less than a circular trans- 
plant that has the maximal diameter of the ellipse. Thus, 
the elliptical dimensions combine to minimize the disad- 
vantages and maximize the advantages as far as immuno- 
logic or optical astigmatic requirements are concerned. 

We document here the first two patients, to our knowl- 
edge, treated by elliptical excimer laser penetrating kera- 
toplasty. A 72-year-old white woman who had aphacic bul- 
lous keratopathy and a 63-year-old white man who had 
post-traumatic bullous keratopathy (Fig 1, top) underwent 
elliptical keratoplasty, both on June 8, 1989, with the use of 
an ophthalmic excimer laser (193 nm, 700 mJ/cm?, 30 Hz). 
In both patients the elliptical recipient bed (7.0/8.0 mm) and 
the elliptical corneal transplant (7.1/8.1 mm) were laser 
trephined and then sutured into place with 16 interrupted 
10-0 nylon sutures (Fig 2). Six months postoperatively the 
corneal grafts in both patients were perfectly clear and the 
sutures tightly in place (Fig 1, bottom). However, these are 
only two patients with a short follow-up and no statements 
can be made about the long-term results. 

Because the excimer laser technology allows the corneal 
surgeon to produce any trephination shape desired, the 
outline of the graft was adjusted to the physiologic outline 
of the cornea and, thus, to our knowledge, the first elliptical 
corneal transplantations in humans were performed. 

GERHARD K. LANG, MD 
GOTTFRIED O.H. NAUMANN, MD 
JURGEN W. Koc, MD 
Erlangen, West Germany 


The authors do not have any commercial or proprietary interest 
in products or companies discussed in this article. 


1. Lang GK, Green WR, Maumanee AE. Clinicopathologic studies of 
keratoplasties obtained post mortem. Am J Ophthalmol. 1986;101:28-40. 

2. Lang GK, Schréder E, Koch JW, Yanoff M, Naumann GOH. Excimer 
laser keratoplasty, I: basic concepts. Ophthalmic Surg. 1989;20:262-267. 

3. Lang GK, Schréder E, Koch JW, Yanoff M, Naumann GOH. Excimer 
iw keratoplasty, II: elliptical keratoplasty. Ophthalmic Surg. 1989;20:342- 
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UV Exposure of the Lens During 193-mm Excimer Laser 
Corneal Surgery 


To the Editor.—The potential application of 193 nm of ex- 
cimer laser radiation in refractive corneal surgery has been 
studied extensively, as this wavelength affects precise cuts 
with minimal adjacent thermal damage zones. One hundred 
ninety-three nanometers of excimer laser radiation has 
been shown to be cytotoxic! and mutagenic.’ The potential 
hazards of secondary radiation effects to intraocular struc- 
tures during 193-nm procedures have not been investigated 
up to now. 

We report here recent “ex vivo” measurements on bovine 
eyes that show that cataractogenic wavelengths around 305 
nm reach the surface of the lens when the cornea is irradi- 
ated with 193-nm pulses of an excimer laser (MSC 102 
Lambda Physic, Géttingen, West Germany). A quartz fiber 
(core 600 um) was introduced into the eye so that the tip lay 
in front of the lens. The fiber output was focused onto the 
entrance slit of an optical multichannel analyzer (OMA 
model 1420, EG & G Princeton [NJ] Applied Research). As 
193 nm of radiation is totally absorbed by the cornea, the 
experimental setup shown in Fig 1 prevented the fluores- 
cence that otherwise would be created in the quartz fiber it- 
self by scattered 193 nm of radiation. This was confirmed by 
additional measurements on isolated corneas made with an 
independent detection unit. 

Figure 2, top, shows the fluorescence spectrum of a bovine 
cornea irradiated with 193-nm excimer laser pulses at an 
energy density of 0.06 J/cm’, ie, below the ablation thresh- 
old. Fluorescence starts at 295 nm and peaks around 425 nm. 
If the energy density is increased above the threshold to 
0.145 J/em?, a shoulder can be seen around 320 nm (middle). 
At 0.47 J/cm? (bottom) the relative contribution in the UV 
is even more pronounced. Quantitative measurements with 
a calibrated photodiode allowed us to estimate that around 
10-5 of the total excimer laser energy impinging onto the 
cornea is converted to wavelengths between 295 nm and 320 
nm and reaches intraocular structures. 

The shape of the spectra shown in Fig 2 suggests that a 
shoulder on the short wavelength side has been truncated 
due to the absorption of the cornea and the aqueous. Initial 
corneal fluorescence studies with a prism spectrograph 
from the same side as the 193-nm excitation showed that the 


Fig 1.—Experimental setup for measuring the secondary radiation 
transmitted to intraocular structures during 193-nm photoablation of the 
cornea. OMA indicates optical multichannel analyzer. 
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Fig 2.—Secondary radiation transmitted to the anterior chamber of a 
bovine eye during 193 nm of excimer laser irradiation of the cornea. Top, 
Energy density 0.06 J/cm? (below ablation threshold). Middle, Energy 
density 0.145 J/cm? (above ablation threshold). Bottom, Energy density 
0.47 J/cm? (above ablation threshold). 


secondary radiation, created by 193-nm irradiation of the 
cornea at energy densities above the ablation threshold, 
extends to wavelengths around 260 nm, which are known to 
be mutagenic.’ 

UV-B radiation (290 nm to 320 nm) is known to induce 
cataracts, 305-nm thresholds are between 0.3 and 0.6 J/cm? 
If 100 laser pulses are applied in a central corneal remod- 
eling procedure where the lens is not shielded from UV ra- 
diation by the iris, the accumulative UV-B exposure of the 
lens can be estimated to be about a factor 1000 smaller than 
the threshold for acute cataract induction.’ But this dose 
adds to the individual solar UV exposure. We believe that 
the possible damaging effects of secondary radiation during 
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193-nm excimer laser procedures on the cornea should be 
further investigated prior to a large-scale application of 
this wavelength on patients. 

NORBERT W. MULLER-STOLZENBURG, MD, PHD 

GERHARD J. MULLER, PHD 

HANS J. BUCHWALD 

Berlin, West Germany 


STEPHAN SCHRUNDER 
Munich, West Germany 


Reprint requests to Department of Biomedical Engineering, Klinikum 
Steglitz, Krahmerstr 6-10, D-1000 Berlin 45, West Germany (Dr Miiller- 
Stotzenberg) 


1. Kochevar IE. Cytotoxicity of excimer laser radiation. Lasers Surg Med. 
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2. Rasmussen RE, Hammer-Wilson M, Berns MW. Mutation and sister 
chromatid exchange induction in Chinese hamster ovary cells by pulsed ex- 
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nm. Photochem Photobiol. 1989;49:413-418. 

3. Pitts DG, Cullen AP, Hacker PD. Ocular effects of ultraviolet radiation 
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A Voice From the Back of the Room 


To the Editor.—If you wish to be fair, this letter or its 
equivalent should appear in the ARCHIVES. 

I just became ill reading Thom Zimmerman’s' editorial 
about second opinions in the February 1990 issue of the AR- 
CHIVES. Just when I thought I had pruned my subscriptions 
to the throwaway journals to the point where I no longer 
had to listen to the diatribes of the pirates and psychopaths 
justifying their treatment of patients as commodities 
rather than people, here comes a saintly academic inform- 
ing us all, in a peer-reviewed journal, how to do things right. 
Speaking as a seemingly disenfranchised member of the 
“silent majority” (Oh, no! I never thought I would be in that 
group!), I suddenly feel that nobody here knows how to play 
the game. I was not before, but now I am convinced that we 
are all doomed when the ARCHIVES becomes a biased 
accomplice. 

Everything is debatable. Ophthalmologists do not have to 
commit mass suicide under the guise of increased efficiency. 
We do not have to subjugate our consciences to permit those 
who would judge us all to have the final say on how all 
practice should be conducted. What is the role of innovative 
but nonstandard treatments? Majorities have been known 
to be wrong throughout the history of medicine. Why don’t 
artificial intelligence computers treat patients? As I, and I 
would suggest that the majority of ophthalmologists, have 
experienced, there are abuses in both academic and private 
practice. There are abuses in fee-for-service, as well as in 
prepaid or managed care. It ill behooves Dr Zimmerman to 
omit and distort so many other obvious remedies. His cred- 
ibility, as far as I am concerned, is zero. Timoptic, great! 
Minding my business, no! First, who has to agree with his 
contention that “health care costs too much”? Maybe it 
does, maybe it does not. It all depends on whether one val- 
ues guns or butter, to use the economist’s classic example. 
Assuming that our society at large has chosen to expend less 
of its resources on medical care, we can try to assist with- 
out hurting our patients, but we should not fail our loftier 
goals. 

A place to start would be by utilizing optometric services 
for refractions since, as suggested by a public health study 
for Baltimore (Md) in the same issue of the ARCHIVES,” one 
half of the blindness is remediable with refractive services 
alone. Secondly, it would be nice to see the academic com- 
munity eliminate many unnecessary residency positions 


Correspondence 








that have outlived their usefulness. I have yet to see volun- 
teers! I would like to see those attending resident academic 
clinics actually see and touch some of the patients whose 
charts they are signing to obtain reimbursement from 
third-party payers. In my experience, this does not always 
happen and, yet, inefficiencies of inexperience occur in many 
different settings. It is folly to assume that some funding is 
not wasted by improper supervision of trainees, leading to 
unnecessary testing and surgery in the academic commu- 
nity as well. 

We can all cast stones at each other. This is exactly what 
is happening and it will accelerate as economic resources 
become more limited. Our critics must be circling for the 
kill. Our patients will suffer more than we will. 

Dr Zimmerman’s contention that cataract surgery, along 
with one other procedure, is the initiation point of the sec- 
ond opinion program shows me how far he is out of touch 
with reality. Does one really consider panretinal photoco- 
agulation in the same category as radial keratotomy? 
Which fluorescein angiograms (I assume he means all, by 
the way it was written) are done emergently and should not 
be subject to delays? That one can be so uncritical as to lump 
together laser trabeculoplasties with panretinal photoco- 
agulation tells me a lot about the writer. No one counte- 
-nances fraud, but mandating second opinion programs has 
been shown, over and over again, to do almost nothing. 


When they seem to show that most surgery, indeed, is in- 


dicated, the reviewers change the variables. They then ex- 
plain by saying that more fraud would be present if physi- 
cians knew they were not being overseen. Are we all crooks? 
Are we all stupid? Are most of our procedures “overpriced” 
in hindsight, as the government would like everyone to be- 


©- lieve? This degrades the intelligence of the patient, who 
~ would not simply permit himself to be abused just at our 


suggestion. If so, we have reduced the patient to the level of 
a dumb animal and the doctor to the level of a criminal vet- 
erinarian. Who is credible? The government? Insurance 
companies? The RAND Corporation? Physicians? Let the 
- market place decide without distortion. Let us not become 
-~ apologists for irresponsible politicians. 

= Tamsure that, with a little more thought, Dr Zimmerman 
could have gotten his point across. If this is an omen of 
things to come, I have never been so pessimistic about the 


. future of ophthalmology. Our enemies are not only from 


without. Our enemies are also from within. Academic fas- 
cism is just as bad as the evil it seeks to cure. 
ROBERT C. FLETCHER, MD 
Kansas City, Mo 


1. Zimmerman TJ. Second opinions in ophthalmic health care. Arch Oph- 


thalmol. 1990;108:192-194. 


2. Tielsch JM. Blindness and visual impairment in an American urban 
population. Arch Ophthalmol. 1990;108:286-290. 


i In Reply.—Thank you for your letter. I share your frustra- 


: _ tions. I hope I have caused many others like you to think 
- about the problem and possible solutions. 


THOM J. ZIMMERMAN, MD, PHD 
Louisville, Ky 


. ` Ophthalmic Health Care 


` Tothe Editor.—Zimmerman’ suggests that ophthalmic care 
a ‘commands an inappropriately large (9% ) share of national 
health expenditures. One can only wonder how he comes to 
that conclusion. Even if unnecessary eye care is being pro- 
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vided in this country, as he goes on to silege, Dr Zir 
man will agree, surely, that the amount expended 
commodity is, in the main, determined by the marketplace 
The public decides on the basis of need how much to inve 
in eye care. 

















































W. REX HAWKINS, MD 
Houston, Tex ae 


1. Zimmerman TJ. Second opinions in ophthalmic health care. Arch 0 Or 
thalmol. 1990;108:192-194. | 


In Reply.— What matters is that third party payers will cut 
and/or limit expenditures for eye care. My point i is that we 
should form a partnership in hopes of minimizing the dar 
age to our patients. Self-policing sounds like a good first step 
to me. | 
THOM J. ZIMMERMAN, MD, PHD 
Louisville, Ky 


Eye Care Not Too Costly 


To the Editor. —When it comes to medicine, the media seem 
fond of sensational headlines. I was more than a little sur- 
prised then when I read Dr Zimmerman’s editorial.’ A rep- 
etition of the media-inspired common wisdom that all 
health care is too costly greeted the reader. I would like to i 
at least ask the question, should we accept this position 
without analysis? 

Various estimates of the ophthalmic health care bill place 
it in the $2-billion-plus range. Is this too much or too little? 
A billion dollars is a lot of money and hard to comprehend. 
When one considers expenditures in other areas it can pro 
vide a yardstick by which to measure health care costs: In 
an article about Christmas toys, the Wall Street Journal 
reported that the “video game retail business is expected to 
chalk up $3.5 billion, up 52% from $2.3 billion last year” (in 
sales) (November 21, 1989:B1). Other sources inform us that 
in 1989 approximately $2 billion was spent on natural furs. 
And finally, the bottled mineral water business produced $2 
billion in sales during 1989. 

Who would deny the importance of toys, furs, and bottled 
water (“Perrier, anybody?”) to American consumers? But 
cannot one also make the case that restoration and preser- 
vation of eyesight 1 is at least as important? 

That is why it is difficult for me to accept some of. Dr 
Zimmerman’s proposals, as well intentioned as they may be. 
Second opinions for cataract surgery, visual field testing, 
and laser surgery would be a cumbersome bureaucratic 
nightmare. 





JOHN J. DOWNING, MD 
Janesville, Wis = 


1. Zimmerman TJ. Seeond opinions in ophthalmic health care. Arch 
Ophthalmol.1990;108:192-194. 


In Reply. —In regard to the question about whether health 
care is too costly, please see the reply to Dr Rex Hawkins 
above. I agree that getting second opinions will be a 
bureaucratic mess, but we can accomplish it at the local 
level. Since I sincerely believe that some form of account- 
ing will occur, it is best that we be involved in its planning 
to minimize the bureaucracy and, most importantly, to re- 
tain and/or regain our patient advocacy position. ee 
THOM J. gr rey MD, PuD 
Louisville, Ky f ; 
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Protein S Deficiency Associated With 
Central Retinal Artery Occlusion 


Protein S and protein C are vitamin 
‘K-dependent plasma proteins that 
modulate coagulation. Protein C defi- 
ciency has been reported in association 
<- with amaurosis fugax,‘ and it has been 
- suggested that there may be an associ- 
- ation of protein C activity with branch 
-retinal vein occlusion.” We have re- 
cently cared for a patient with protein 
S deficiency and a central retinal ar- 
tery occlusion. 

> Report of a Case.—A 30-year-old man 
developed transient episodes of vision loss 
in the left eye, each lasting about 3 minutes. 

Visual acuity was 20/100 OS. The anterior 
segment was normal, and the intraocular 
‘pressure was 15 mm Hg. The dise was 
normal. There was narrowing of the retinal 
arterioles and mild dilatation of the retinal 
veins. No retinal emboli were present. He 
was being treated with sodium warfarin 
(Coumadin), and the prothrombin time was 
15.7 seconds, with a reference range of 9.8 
to 11.4 seconds. Treatment with topical 
timolol maleate (Timoptic) was begun and 
the sodium warfarin anticoagulation treat- 
‘ment was supplemented with intravenous 
heparin sodium. On the following day, the 
visual acuity in the left eye became count- 
ing fingers. A central retinal artery occlu- 
sion was present with retinal edema and a 
macular cherry-red spot. An anterior cham- 
ber paracentesis was performed, and by the 
next day the visual acuity had impr oved to 
20/40. 

This patients course prior to his ocular 
complication has been previously reported 
elsewhere.’ He had a history of multiple 
episodes of venous and arterial thrombosis, 
including recurrent upper- and lower-ex- 
tremity phlebitis, lower-extremity deep ve- 
ous. thrombosis with pulmonary embolism, 

renal vein thrombosis, and lower-extremity 
arterial insufficiency. He eventually re- 
~ quired right and left below-the-knee ampu- 
tations, left aortoiliae bypass, and right 
above-the-knee amputation. 

< During the course of this patients dis- 
ease, extensive laborator y evaluation had 
been done. Routine laboratory evaluation 
results were all within normal limits. Fanc- 
tional protein S activity assayed while he 
vas. taking heparin was reduced (22% of 
normal), and on crossed immunoelectropho- 
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resis his plasma contained no free peak of 
protein S antigen. Confirmation of inherited 
protein S deficiency was obtained by study- 
ing family members; his mother and two 
sisters also had protein S deficiency, but a 
brother was unaffected. Protein C activity 
was normal (immunologic and funetional 
assays), as were the results of the remain- 
der of the special coagulation studies, which 
included platelet aggregation sensitivity, 
antithrombin III functional and immunolog- 
ic assays, a-antiplasmin level, plasminogen 
level, fibrinopeptide A level while he was 
taking heparin, von Willebrand factor anti- 
gen level, ristocetin cofactor activity, and 
plasmin generation rates with urokinase 
and streptokinase. 


Comment.—Protein S deficiency, a 
condition that may be either inherited 
or acquired, predisposes affected indi- 
viduals to thrombotic events. In the 
inherited form, clinical manifestations 
usually occur before age 30 years. We 
believe that the central retinal artery 
occlusion in this patient was related to 
protein S deficiency. 

Recognition of the association of pro- 
tein S deficiency with thrombotic dis- 
ease may suggest specific therapeutic 
approaches. In this patient, heparin 
anticoagulation was instituted. Al- 
though protein S deficiency has not, to 
our knowledge, been associated with 
retinal vein occlusion, it is reasonable 
to speculate that this could also occur. 
We suggest that protein S deficiency 
should be considered in some cases of 
retinal artery occlusion and retinal 
vein occlusion, particularly when oc- 
curring in the young or when there is a 
history of recurrent thrombotic 
disease. 

Barry M. Gorus, MD 
PATRICK A. Sipony, MD 
Barry S. Cotter, MD 
Stony Brook, NY 


1. Coller BS, Owen J, Jesty J, et al. Deficiency 
of plasma protein S, protein C, or antithrombin 
HI and arterial thrombosis. Arteriosclerosis. 
1987;7:456. 

2. Smith DB, Ens GE. Protein C deficiency: a 
cause of amaurosis fugax. J Neurol Neurosurg 
Psychiatry. 1987:50:361. 

3. Chung MM, Trese MT, Hong YJ. Protein C 
levels in retinal vein occlusions. Invest Ophthal- 
mol Vis Sci. 1989;30:477. 


Optic Disc Neovascularization 
in Association With 
Vogt-Koyanagi-Harada 
Syndrome 


Neovascularization of the dise (NVD) 
is a complication of a number of disor- 
ders that affect the eye. The most 
common cause of NVD is retinal vas- 
cular occlusive disease, such as diabe- 
tes and retinal vein occlusion. We de- 
scribe a rare association of NVD. 


Report of a Case.—A 46-year-old East 
Indian woman was referred for progressive 
visual loss in both eyes. Her visual acuity 
was counting fingers in the right eye and 
20/300 in the left eye. The anterior seg- 
ments of both eyes were normal and free of 
inflammation. The anterior vitreous con- 
tained 1+ cells in both eyes. On funduscopic 
examination, bilateral exudative detach- 
ments extending to and involving the mac- 
ula were present. The optic nerves and ves- 
sels were normal. Fluorescein angiography 
demonstrated multiple focal areas of leak- 
age from the choroidal vasculature in both 
eyes (Fig 1). A preliminary diagnosis of 
Vogt-Koyanagi-Harada syndrome (VKH), 
specifically Harada’s disease, was made. 

The patient received 80 mg of prednisone 
daily. The detachments resolved gradually. 
During the next 4 months, while the patient 
received tapering doses of systemic ste- 
roids, her visual acuity improved to 20/50 
OD and 20/30 OS. At this time, the patient 
developed a bilateral anterior uveitis de- 
spite a maintenance dose of 5 mg of pred- 
nisone every other day. The anterior cham- 
ber in the right eye had 3+ cells and in the 
left eye, 2+ cells, with 1+ cells in the ante- 
rior vitreous bilaterally. The patient began 
receiving topical steroids and dilating 
agents. The uveitis did not completely re- 
solve with topical steroid therapy. Eight 
months later, the patient developed NVD in 
the left eye (Fig 2), which was confirmed on 
fluorescein angiography. These was no evi- 
dence of capillary nonperfusion on fluores- 
cein angiography. The right eye developed 
subretinal neovascularization involving the 
macula. Increasing doses of systemic ste- 


roids were initiated. The NVD regressed _ 
completely during a 6-month period while 


the patient received high doses of pred- 
nisone. Soon after the development of the 
anterior uveitis, the patient acquired the 


classic cutaneous changes, such as alopecia, — 





r 






-e OS — — 





vitiligo, and poliosis, associated with the 
Vogt-Koyanagi syndrome. General medical 
evaluation was unsuccessful in identifying 
a systemic cause for the NVD. 


Comment.—This report describes a 
patient with VKH and NVD in one eye 
and subretinal neovascularization in 
the fellow eye. While subretinal ne- 
ovascularization is a rare complication 
of VKH,' NVD is even rarer. We know 
of only one other description of NVD in 
a patient with presumed VKH.’ 
Kanter and Goldberg’ described a 22- 
year-old black woman with bilateral 
uveitis with exudative retinal detach- 
ments and NVD; however, their pa- 
tient did not develop the pigmentary or 
hair changes that are classically asso- 
ciated with VKH. 

Neovascularization of the disc is a 
complication of a number of disorders 
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that affect the eye. Its pathogenesis is 
poorly understood. Vogt-Koyanagi- 
Harada syndrome is an inflammatory 
disorder of unknown etiology, charac- 
terized by bilateral intraocular in- 
flammation, central nervous system 
involvement, and cutaneous changes. 
Neovascularization of the disc has 
been associated with other inflamma- 
tory disorders of the eye, such as sar- 
coidosis, toxoplasmosis,  birdshot 
chorioretinopathy, serpiginous cho- 
roiditis, and idiopathic uveitis. The 
vessels of the disc seem to be more 
susceptible than other retinal vessels 
to developing neovascularization in 
the presence of chronic uveitis.? The 
development of NVD in our patient af- 
ter the onset of the anterior uveitis and 
its complete regression with systemic 
steroid treatment suggest that inflam- 


Fig 1.—Fluorescein angiogram of the left eye (top) and right eye (bot- 
tom) in a patient with Vogt-Koyanagi-Harada syndrome demonstrating 
multiple blotches of leakage from the choroidal vasculature. 


Fig 2.—Neovascularization of the optic disc extending superior tempo- 
rally in the left eye of a patient with Vogt-Koyanagi-Harada syndrome. 





mation may have played a role in the 
pathogenesis of the NVD. 

KING W. To, MD 

ALFRED J. NADEL, MD 

New York, NY 


ROBERT J. BROCKHURST, MD 
Boston, Mass 


Reprint requests to the Department of Oph- 
thalmology, Lenox Hill Hospital, Cornell Univer- 
sity Medical College, 100 E 77th St, New York, NY 
10021 (Dr To). 
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FIG. 1 


Which inner square appears to be larger? 


Which inner circle looks smaller? 
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Beta-Blockers From A 


Perception versus reality. 

In glaucoma therapy, Betagan’ (levobunolol 
HC1) 0.5% Ophthalmic Solution is an effective 
way to treat elevated IOP associated with open- 
angle glaucoma. But some perceive Timoptic” 
(timolol maleate) 0.5% to be more effective. 

In reality, a four-year, double-masked study 
evaluating B.I.D. therapy in 391 patients with 


open-angle glaucoma or ocular hypertension 
concluded that Betagan and Timoptic are 
equally effective in lowering intraocular 
pressure? 

Now add another dimension. Betagan 
Ophthalmic Solution provides an active 
metabolite contributing to long-lasting 


efficacy, plus the opportunity for improved 


1. Timoptic is a registered trademark of Merck Sharp & Dohme. 2. The Levobunolol Study Group. Levobunolol—A four-year study of efficacy and safety in 


FIG. 3 = ALLERGAN PHARMACEUTICALS 


Which horizontal line seems longer? 


Which beta-blocker do you perceive to be more effective? 





Different Perspective 


compliance with the C Cap” Compliance Cap. 





You won't see these in Timoptic because they 


simply aren't there. 


O, 
(levobunolol HCl) 0.5% 
Liquifilm® sterile ophthalmic solution 
with C Cap” Compliance Cap 
Betagan is contraindicated in patients with bronchial asthma, a history of 
bronchial asthma, severe chronic obstructive pulmonary disease; sinus 


bradycardia; second- and third-degree atrioventricular block; overt cardiac 
failure; cardiogenic shock; hypersensitivity to any component of this product. 


So when it comes to safe, effective therapy 
for your glaucoma patients, take a long, hard 

ə look at Betagan Ophthalmic Solution. 
And you may never see beta-blockers quite 


Please see brief prescribing information on next page. 


the same way again. 


glaucoma treatment. Ophthalmol May 1989;96(5) : 642-645. Allergan Pharmaceuticals A Division Of Allergan, Inc. Irvine, CA 92713 ©1990 Allergan, Inc. 


Se ai gan (levobunolol HCI) 
3 quifilm® sterile ophthalmic solution 


“INDICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated im those 
individuals with bronchial asthma or with a history of bronchial asthma, 
or severe chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block; overt cardiac 
failure (see WARNINGS), cardiogenic shock; or hypersensitivity to any 
mponent of this product. WARNINGS: As with other topically appl ied 
ophthalmic drugs, BETAGAN may be absorbed systemically. The same 
adverse reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death due 
to bronchospasm in patients with asthma, and rarely death | in associa- 
tion with cardiac failure, have been reported with topical application of 
beta-adrenergic blocking agents (see CONTRAINDICATIONS). Cardiac 
‘failure: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contraculity, and its 
-inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. Jn Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period 
-of time can, in some cases, lead to cardiac failure. At the first sign or symp- 
tom of cardiac failure, BETAGAN should be discontinued. Non- allergic 
Bronchospasm: In patients with non-allergic bronchospasm or with a 
history of non-allergic bronchospasm (e.g., chromic bronchitis, 
emphysema), BETAGAN should be administered with caution since it 
«may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of betaz receptors. Mayor Surgery: The necessity 
or desirability of withdrawal of beta-adrenergic blocking agents prior to 
-major surgery is controversial. Beta-adrenergic receptor blockade impairs 
the ability of the heart to respond to beta-adrenergically mediated reflex 
stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during anesthesia. 
For these reasons, in patients undergoing elective surgery, gradual 
withdrawal of beta-adrenergic receptor blocking agents may be 
appropriate. If necessary during surgery, the effects of beta- adrenergic 
“ blocking agents may be reversed by sufficient doses of such agonists as 
isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
_ DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
md with caution in patients subject to spontaneous hypoglycemia 
or to diabetic patients (especially those with labile diabetes) who are 
receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglyc emia. 
Thyrotoxtcosis: Beta-adrenergic blocking agents may mask certain clinical 
signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of develop- 
ing thyrotoxicosis should be managed carefully to avoid abrupt withdrawal 
of beta-adrenergic blocking agents which might precipitate a thyroid storm. 
< Contains sodium metabisulfite, a sulfite that may cause allergic-type reac- 
- tions including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
_ of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCl) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the 
immediate objective of treatment is to reopen the angle. This requires, 
in most Cases, constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated 
a intraocular pressure n angle-closure glaucoma, it should be followed with 
„a miotic and not alone. Muscle Weakness: Beta-adrenergic blockade has 
been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms (e.g.. diplopia, ptosis and generalized weakness). 
Drug Interactions: BETAGAN should be used with caution in patients 
who are receiving a beta-adrenergic blocking agent orally, because of 
the potential for additive effects on 1 systemic beta-blockade. Although 
































































BETAGAN used alone has little or no effect on pupil size, mydriasis resulting 
from concomitant therapy with BETAGAN and epinephrine may occur. 

Close observation of the patient is recommended when a beta- blocker 
is administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production of 
hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Anunal Studies: No adverse ocular effects 
were observed in rabbits administered BETAGAN topically in studies 
lasting one year in concentrations up to 10 times the human dose con- 
centration. C arcinogenests, mutagenesis, impairment of fertility: In a 
lifetime oral study in mice, there were statistically significant (p = 0.05) 
increases in the incidence of benign leiomyomas in female mice at 200 
mg/kg/day (14,000 times the recommended human dose for glaucoma), 
but not at 12 or 50 mg/kg/day (850 and 3,500 times the human dose). 

In a two-year oral study of levobunolol HCI in rats, there was a statisti- 
cally significant (p < 0.05) increase in the incidence of benign hepatomas 
in male rats administered 12,800 times the recommended human dose 
for glaucoma. Similar differences were not observed in rats administered 
oral doses equivalent to 350 times to 2.000 times the recommended 
human dose for glaucoma. Levobunolol did not show evidence of 
mutagenic activity 1n a battery of microbiological and mammalian in 
vitro and in vivo assays. Reproduction and fertility studies in rats showed 
no adverse effect on male or female fertility at doses up to 1,800 umes 
the recommended human dose for glaucoma. Pregnancy Category C: 
Fetotoxicity (as evidenced by a greater number of resorption sites) has 
been observed in rabbits when doses or levobunolol HCI equivalent to 
200 and 700 times the recommended dose for the treatment of glaucoma 
were given. No fetotoxic effects have been observed in similar studies with 
rats at up to 1.800 times the human dose for glaucoma. Teratogenic studies 
with levobunolol in rats at doses up to 25 mg/kg/day (1,800 times the 
recommended human dose for glaucoma) showed no evidence of fetal 
malformations. There were no adverse effects on postnatal development 
of offspring. It appears when results from studies using rats and studies 
with other beta-adrenergic blockers are examined, that the rabbit may 
be a particularly sensitive species. There are no adequate and well- 
controlled studies in pregnant women. BETAGAN should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk, Systemic beta-blockers and topical timolol maleate are 
known to be excreted in human milk. Caution should be exercised when 
BETAGAN is administered to a nursing woman. Pediatric Use: Safety and 
effectiveness in children have not been established. ADVERSE 
REACTIONS: fn clinical trials the use of BETAGAN has been associated 
with transient ocular burning and stinging in about 1 in 3 patients, and 
with blepharoconjunctivitis in about 1 in 20 patients. Decreases in heart 
rate and blood pressure have been reperted (see CONTRAINDICATIONS 
and WARNINGS). The following adverse effects have been reported rarely 
with the use of BETAGAN: iridocyclitis, headache, transient ataxia, dizzi- 
ness, lethargy, urticaria and pruritus. Decreased corneal sensitivity has 
been noted in a small number of patients. Although levobunolol has 
minimal membrane-stabilizing activity, there remains a possibility of 
decreased corneal sensitivity after prolonged use. The following addi- 
tional adverse reactions have been reported with ophthalmic use of betas 
and betaz (non-selective) adrenergic receptor blocking agents: BODY AS 
A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 

SKIN: Hypersensitivity, including localized and generalized rash. 

RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 

Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due to 
withdrawal of miotic therapy in some cases}, diplopia, ptosis. Other reac- 
tions associated with the oral use of non-selective adrenergic receptor 
blocking agents should be considered potential effects with ophthalmic 
use of these agents. 


= ALLERGAN PHARMACEUTICALS 


Allergan Pharmaceuticals, A Division of Allergan, Inc. 
Irvine, CA 92713 ©1990 Allergan, Ine. 











of justice. . 
oo... partisan in the legal proceedings. The medical witness should be 
ee adequately prepared and should testify honestly and truthfully. . 

_ Itis unethical for a physician to accept compensation that is contin- 

_ gent upon the outcome of litigation. 

















7 Contingency Fees for Medical Expert Witness 


5 _ Chicago, Ill. —The use of contingent fee arrangements for 


medical expert witnesses has gained increased attention from 
state and local medical societies and medical specialty societ- 
jes. In reaction, many societies have developed their own 
guidelines and are calling for enactment of legislation govern- 
ing medical expert witness testimony. 


Common law in most states prohibits the direct payment of 


contingent fees to professional experts. However, some med- 
icolegal consulting firms attempt to circumvent ethical guide- 
lines and the technical application of law by offering their 
managerial assistance for a contingent fee to the parties 
retaining them, while maintaining an hourly fee structure for 
the actual physician consultants they supply. The financial 
arrangements under these circumstances continue to provide 
incentives for physicians to succeed as advocates for the 
paying party. 

The American Academy of Ophthalmology established its 
policy for expert testimony by ophthalmologists in June 1989, 
stating that to accept or request a fee for testimony as an 
expert proportionate to fees for other professional time or 
service is appropriate, but the fee should not be contingent on 
the outcome of litigation (American Academy of Ophthalmol- 
ogy policy statement KB-PS28-89). 

The American Medical Association’s Council on Ethical and 
Judicial Affairs’ Current Opinion on Medical Testimony 
(Board of Trustees report SS [A-89]) likewise states: 


= _ Asacitizen and as a professional with special training and experience, 


the physician has an ethical obligation to assist in the administration 
. The medical witness must not become an advocate or a 


‘To address the bias of financially interested experts, the 


a Illinois Supreme Court, in the case of Tower v Jones (121 1l 2d 


211 [1988]), upheld a trial court's discretion to allow cross- 
| examination on the following issues: (1) the amount of com- 
-= pensation received for the expert’s consultation and testimo- 


o S ny, (2) the frequency of the physicians expert witness 
> aetivities, (8) the proportion of the physician's professional 


time devoted to and income derived from such activities, and 


p? l (4) the fre quency with which the physician testified for either 


plaintiffs or defendants. 
_. The American Bar Association has expressed concern over 
3 the ethical aspects of attorneys participating in contingent fee 
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arrangements with physician consultants but has. stopped 
short of prohibiting such arrangements if they are poi 
under state law.’ 

In JAMA, editor George D. Lundberg, MD, asks, 


Wouldn’t it be better for the court to secure the best unbiased expert 
consultation and testimony? Courts have inherent power to appoint. 
expert witnesses. Many states and the federal judiciary do have 
provisions for the use of i impartial expert witnesses appointed by the. 
court... . Information developed in this manner would be available 
to the court and to both sides equally before and during trial... . Of 
course, such experts would have to be compensated realistically and 
treated fairly or good consultants/witnesses would not be available.’ | 


The American Medical Association's Council on Ethical an 
Judicial Affairs Current Opinion on Medical Testimon 
states that the lack of specific guidelines for the use of expe 
medical witnesses has, at times, resulted in introduction of : 
biased, overly partisan, or unqualified medical testimony. 
Also, some highly trained witnesses from academic settings. 
may be unfamiliar with practice settings with limited re- 
sources or other circumstantial factors that bear on the care 
that can be rendered by a physician. Better guidelines could 
improve this situation, 

A minority of states have responded to the problems of 
using expert witnesses by enacting legislation addressing 
expert witness qualifications. While their provisions vary, . 
they typically include the following provisions: (1) some min 
mum training requirement in the specialty or medical field at. 
issue in the liability claim, (2) a requirement that active 
clinical experience and/or teaching experience must be within 
1 to 5 years of the date of the occurrence to increase the 
likelihood of up-to-date knowledge and skills, and (3) geo- 
graphical limitations on the residence of the expert, or the 
requirement that an out-of-state expert be familiar with the 
standard of care in the state where the alleged negligence. 
occurred. 3 

As an aid to states seeking to enact expert witness guide- 
lines, the American Medical Association Department of State- 
Legislation, Division of Legislative Activities, has developed: 
model bills. These bills provide for the regulation of expert 
witnesses in medical injury actions and the emendation of the’ 
state medical discipline law regarding medical expert testi- 
mony by physician witnesses in medical injury actions. Sever- 
al states has used the models, but no legislation has yet been 
enacted based on them. : 





JULIE FOREMAN 
1. Lundberg GD. Expert witness for whom? JAMA. 1984; 252: 251. | 

































































Book Reviews 


Health Risks and the Press: Per- 
pectives on Media Coverage on Risk 
ssessment and Health, edited by Mike 
Moore, 105 pp, Washington, DC, The 
Media Institute, 1989, $12.95. 


= This book is a collection of essays on 
the problems facing journalists re- 
porting on environmental health risks. 
- In the first essay, Bruce Ames of the 
University of California presents a 
number of misconceptions, presum- 
ably fostered by media coverage, about 
cancer rates, environmental causation 
of cancer and birth defects, and the 
ability to quantify health risks to hu- 
mans based on rodent testing. He con- 
cludes that there is “no persuasive ev- 
idence from epidemiology or toxicol- 
ogy linking pollution as a significant 
source of birth defects or cancer.” He 
argues that the ability of science to 
measure minute components of chem- 
ieals in the environment obscures the 
fact that there is currently no way to 
quantify the risk to humans based on 
tests on rodents, and this ability di- 
verts attention from known risks, such 
as cigarette smoking and radon. This 
essay lays the groundwork for the 
subsequent essayists as they analyze 
the difficulties faced by science report- 


Vietor Cohn of The Washington Post 
notes that a major difficulty is the lack 
of data. Actual exposure levels of tox- 
ins to humans are seldom known and 
the cumulative effects of many factors 
take decades to assess. 

~ Dorothy Nelkin of Cornell Univer- 
sity describes the coverage of Love 
Canal and Times Beach, communities 
contaminated by dioxin, and how jour- 
nalists were unable to critically assess 
divergent views on dioxin, focusing in- 
stead on the story of the cover-up 
among government agencies of toxic 
waste disposals. 

<: Kenneth E. Warner of the Univer- 
sity of Michigan, Ann Arbor, writes 
that journalists create a controversy 
here none exists, and so, for example, 
the position of the tobacco industry 
might be included in articles on smok- 
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ing risks, thereby reducing the impact 
of medical research. Ronald Kotulak of 
the Chicago Tribune writes that scien- 
tific information is vital to modern de- 
cision making; it can help create move- 
ments for change while inaccurate in- 
formation may divert attention away 
from more serious issues. 

How can a nonscientific professional 
accurately communicate risks to the 


publie in a reasonable, yet effective, 


‘... journalists create a contro- 
versy where none exists...” 


way? Go beyond reporting a story 


“fairly,” dutifully presenting the vary- 
ing points of view, writes Warner, and 
“determine, through the application of 
solid reportorial techniques, the dif- 
ferences between good science and 
bad—and then convey those differ- 
ences to the readers and viewers.” 
Cohn advises journalists to “copy the 
methods of science and question sta- 
tistics” —compare degrees of risk and 
ranges of probabilities, convert cancer 
rates into numbers, remember the hu- 
man element, and reflect on your own 
biases. Also, ask scientists to state in 
lay terms what the data mean for av- 
erage people, and what they can do 
about a problem. 
The essays are interesting, even for 
a nonjournalist, since the end product 
is of immense significance to all of us 
who depend on the media to summa- 
rize scientific information. For the 
ophthalmology clinician and re- 
searcher, the journalistic perspective 
given in Health Risks and the Press 
could very well be helpful in future 
contacts with the media on research 
results. 
MARY KENNEDY 
Boston, Mass 


Clinical Anatomy of the Eye, by 
Richard S. Snell and Michael A. Lemp, 
364 pp with illus, Boston, Mass, Blackwell 
Scientific Publications Inc, 1989, $49.50. 


On first opening my reviewer’s copy 
of this book, I was struck by the pref- 





ace section—literally! Closer inspec- 
tion revealed that the glue used in the 
binding had not penetrated the spine 
of the preface, allowing it to fall out. 
The remaining chapters, however, 
were ruggedly bound and resisted vig- 
orous attempts to dislodge them. 

The authors’ stated goal in writing 
this book was “to provide the ophthal- 
mologist and optometrist with the ba- 
sic knowledge of anatomy necessary to 
practice ophthalmology.” Inasmuch as 
the depth and scope of anatomic detail 
required in ophthalmic practice ex- 
ceeds that provided by this or any 
other single text, I would point out that 
this text does not fulfill the authors’ 
ambitious goal. 

This text presents a basic overview 
of the anatomy of the eyeball, eyelids, 
orbit, and associated neural pathways. 
The anatomic discussions are inte- 
grated with relevant clinical commen- 
taries, syndromes, and correlations. 
Such an approach alleviates much of 
the dry factual tedium traditionally 


“... an ideal supplement to a ba- 
sic ocular anatomy course.” 





associated with anatomic texts. Like 
many modern undergraduate text- 
books, margins are wide to allow for 
additional notes, paragraph topics are 
highlighted, and questions designed to 
excite further discussion appear at the 
end of each chapter. The text is liber- 
ally supplemented with line drawings, 
two-color illustrations, dramatic full- 
color anatomic illustrations, photo- 
micrographs, and roentgenographic 
studies. 

Occasional lapses occur in the text; 
for example, blowout fractures are 
said to result from the maxilla explod- 
ing superiorly into the orbital cavity. 
Clinically unfamiliar terminology is 
often encountered: superior tarsal 
muscle rather than Muller's musele; 
bulbar fascia rather than Tenon’s cap- 
sule; and plica lacrimalis rather than 
valve of Hasner. 

Despite these criticisms, Clinical 
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ae Anatomy of the Eye would be an ideal 


supplement to a basic ocular anatomy 


course, While the clinician may be dis- 
satisfied with an oversimplified view of 
ocular anatomy, simplification is a 
strength when learning the fundamen- 
tals of ocular anatomy for the first 
time. This book is recommended as a 
useful adjunct to the introductory 
classroom teaching of ocular anatomy. 
It may also benefit all clinical eye care 
providers and their assistants who 
have searched for a readable overview 
of ocular anatomy. 

JEMSHED A. KHAN, MD 

Kansas City, Kan 


Clinical Ocular Oncology, by Devron 


A Char, 402 pp with illus, New York, NY, 


=- Churchill Livingstone Inc, 1989, $185. 


_ Dr. Char has succeeded admirably in 
producing a single-volume ocular on- 
cology textbook that covers the most 
common lid, conjunctival, intraocular, 
and orbital tumors. In the era of mul- 
tiauthored books with bothersome sty- 


-listie variations from chapter to chap- 


ter and awkward redundancy, it is 
heartening to see a busy researcher 
and clinician write a practical book 
outlining his vast personal experience. 
This beautifully illustrated and 
well-indexed volume presents a clear 
and comprehensive, yet concise, review 
of most common ocular tumors. The 
book is divided into four major catego- 
ries: (1) lid and conjunctival tumor; (2) 
uveal and intraocular lymphoid tu- 
mors; (3) retinal and optic nerve head 
tumors, and (4) orbital tumors. 
Several chapters are outstanding. 
The discussion on differential diagno- 
sis and management of posterior uveal 
tumors is lucidly presented and, al- 


“a thoughtfully planned book 
with an abundance of excellent 


a : ph ot ographs L ” 





though no absolute answers can be 
given to some questions, logical ap- 


< proaches are proposed for comers 


problems. 

The chapter on lid and conjunctival 
tumors presents surgical techniques of 
tumor removal and lid reconstruction 
in detail, and the illustrations and di- 
agrams are simple and concise. 

The chapter on retinoblastoma pro- 


eN vides an excellent overview of the 
_ subject, and the chapter on orbital tu- 


mors emphasizes the need for com- 

puted tomographic and magnetic res- 

_ onance imaging scans for the diagnosis 
and management of these tumors. 

. Overall, this. is a thoughtfully 

. planned book with an abundance of 
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excellent photographs, many in color, 
which complement the discussion in 
the text. Areas of controversy are very 
well handled and the author has not 
assumed detailed, state-of-the-art 
knowledge by the reader. 

One can always cavil even with such 
an excellent book as this. For example, 
we do not know if conjunctival mela- 
nomas are associated with sun expo- 
sure, and I would consider the P32 test 
of historic interest only. However, 
these are trivial disagreements that do 
not detract from a thoughtful and 
comprehensive text. 

I consider this textbook to be a 
handy, very readable guide for all oph- 
thalmologists who are interested in an 
up-to-date treatise on ocular tumors. 
When reading it, one has the feeling 
one is personally discussing matters 
with a mature and wise clinician. I 
urge all residents, fellows, and partic- 
ipating ophthalmologists to have this 
textbook in their libraries. 

EVANGELOS GRaGouDAS, MD 
Boston, Mass 


Bear in Mind 


The following is a list of books re- 
viewed from July through December 
1989 that were considered to be impor- 
tant contributions to the ophthalmic 
literature. They are arranged in the 
order that the reviews appeared. 


Headache, 2nd ed, by NH Raskin, 396 
pp, with illus, New York, NY, Churchill 
Livingstone Inc, 1988, $49. 

‘,..a superb, single-authored text 
on the myriad of headache syn- 
dromes.” 


Retinopathy of Prematurity: Prob- 
lem and Challenge, edited by J. T. Flynn 
and D. L. Phelps, 345 pp, New York, NY, 
Alan R Liss Inc, 1988, $140. 

‘,..a good introduction for new- 
comers to the field...” 


Drug Evaluations, 6th ed, 164 pp, 
Chicago, lil, American Medical Associa- 
tion Department of Drugs, Division of 
Drugs and Technology, 1986, $45. 

“...it is the best single 
reference source for clinical drug in- 
formation.” 


The Battered Child, 4th ed, edited by 
R. E. Helfer and R. S. Kempe, 453 pp, with 
illus, Chicago, Ill, The University of Chi- 
cago Press, 1987, $35. 

“| ..an essential resource...” 


Movement of the Eye, 2nd ed, re- 
vised and enlarged by R. H. S, Carpenter, 
593 pp, London, England, Pion Ltd, 1988, 
$115. 

“_,.. suffused with Carpenter’s own, 
refreshing novel hypotheses and spec- 
ulation...” 





Optical Radiation and Visual Healt 
by M. Waxler and V. M. Hitchins, 215 p 
Boca Raton, Fla, CRC Press Inc, 1988, 
$95. i 

“Every major authority in the area 
of ali damage to the eye was pres- 
ent. 


ocoioniasie Orbital, and Recon- 
structive Surgery, !: Eyelids, edited b 
A. Hornblass, 717 pp, Baltimore, Md, 
Williams & Wilkins, 1988, $127. 

“What has been lacking... is awell- 
organized and comprehensive text- 
book summarizing state-of-the-art 
concepts.. 5 


Disease of the Orbit: A Multidisci- 
plinary Approach, by J. Rootman, 612 
pp, with illus, Philadelphia, Pa, JB Lippin- 
cott, 1988, $115. i 

“In addition to being a scientific 
treatise in orbital disease, the book has. 
a practical slant.. ; 


Retinal bysirophies and Degenera- 
tions, by D. A. Newsome, 382 pp, with il- 
lus, New York, NY, Raven Press, 1988; 
$1 18. | 





































. provides useful and updated in- 
formation.” 


Advances in Diagnostic Visual Op- 
tics, edited by A. Fiorentini, D. L. Guyton,- 
and |. M. Siegel, 191 pp, with illus, New 
York, NY, Springer-Verlag NY Inc, 1987, | 
$54. 

.. provides a useful review for 
physicians interested in what is going 
on in visual optics.” 


Drug-induced Ocular Side Effects 
and Ocular Toxicology, iV: Concepts. 
in Toxicology, edited by O. Hockwin, 
423 pp, with illus, New York, NY, S Karger 
AG, $198.75. | 

. it represents a heroic effort i in 
bringing together a wide range of top- 
ics and research perspectives.” | 


Books Received but not Reviewed 


Handbook of Ophthaimology: A 
Practical Guide, by Thomas W. Gardner. 
and David E. Shoch, 275 pp, East Nor- 
walk, Conn, Appleton & Lange, 1987. — 


The Red Book of Ophthalmology 
(Who’s Who in Ophthalmology), 311 
pp, Stoneham, Mass, Butterworths, 
1990, $65. 


Comtemporary Issues in Ophthal- 
mology: Open Angle Glaucoma, Ill, 
edited by George Weinstein, 275 pp, New 
York, NY, Churchill Livingstone Inc, 1986, 
$48. 


New Microsurgical Concepts, Pos- 
terior and Anterior Segments, edited. 
by J. Draeger and R. Winter, 206 pp, with. 
illus, New York, NY, S Karger AG, 198: | 












































luestions and Answers 
Edited by Stewart Mackay Wolff, MD 


Baltimore, MD 21202. 
‘Combined Corneal Disease and Cataract 


Q A 70-year-old patient presents with combined corneal dis- 
i ease and cataract. How do you decide whether kerato- 
plasty, a cataract extraction, or a combined procedure should be 
performed? 


Determination of the procedure to be done involves 
A assessment of the tissue causing the principal visual 
difficulty. With minimal lens change and definite corneal 
=- changes, keratoplasty is indicated. While cataractous 
. changes may be accelerated by keratoplasty, prediction of 
: intraocular lens power will be more precise following kera- 
- toplasty when the corneal curves have stabilized. With sig- 
-nificant cataract and manifest corneal disease, a combined 
- keratoplasty, cataract extraction, and intraocular implan- 
= tation should be done. A preoperative A-scan combined 
with the surgeon’s average postoperative keratometer read- 
ings will determine implant power. 
_ Difficult choices must be made when the patient has sig- 
nificant cataract and borderline endothelial function. The 
patient should be seen in the morning when corneal edema 
from endothelial dysfunction is most usual. If epithelial 
edema is present on slit-lamp examination, then kerato- 
plasty should be combined with cataract extraction. With- 
~ out manifest epithelial edema, endothelial function can be 
_ determined by pachymetry. Corneal endothelial function is 
the main functional determinant of corneal thickness. Nor- 
mal corneal thickness is 0.52 mm, and corneal thickness 
measurements under 0.60 mm, in the absence of edema, are 
usually handled by cataract extraction with intraocular 
implantation alone. Cataract extraction should be as atrau- 
matic as possible, using balanced salt solution plus, vis- 
eoelastic material, and a posterior chamber intraocular 
lens. 
If eorneal thickness is more than 0.64 mm, then kerato- 
plasty should be done at the time of cataract extraction. In 
making a decision, the surgeon must also consider the visual 
needs and age of the patient. One would be inclined to do a 
keratoplasty in a younger patient with borderline corneal 
function; the longer recovery period from keratoplasty 
would be rewarded by additional years of vision. Older pa- 
tients who cannot return for frequent visits may enjoy more 
rapid recovery if they are willing to accept slightly reduced 
(about 20/50) visual acuity due to corneal edema (caused 
when the recovery period is a few weeks instead of 4 to 6 
months). 
- The outcome of surgery of the first eye may be a helpful 
determinant. If the patient developed manifest corneal 
edema in the first eye after atraumatic cataract extraction, 
the odds are high that this would occur in the second eye as 
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well, and keratoplasty should be recommended at the time 
of cataract surgery. 
STEPHEN WALTMAN, MD 
St Louis, Mo 


Questioning Magnetic Resonance Imaging Safety 


What advice should an ophthalmologist give to a patient’s 

physician or radiologist in reference to the safety of per- 
forming a magnetic resonance imaging (MRI) scan on a patient 
with a metal loop or metal clip on an anterior chamber intraocular 
lens? 


The risks associated with performing MRI in patients 
A with ferromagnetic implants or materials are related 
to the possibility of movement or dislodgment, the induc- 
tion of electric current, heating, and the misinterpretation 
of an artifact as an abnormality. * Several important fac- 
tors influence these relative risks, including the strength of 
the static and gradient magnetic fields, the degree of fer- 
romagnetism of the implant or material, the geometry of 
the implant or material, the location and orientation of the 
implant or material in situ, and the length of time the device 
has been in place.** 

Induced currents, heating, and artifacts do not present 
problems in patients with metallic ophthalmologic devices 
who undergo MRI. Performing MRI in patients who have 
lens implants with metal loops is considered safe since the 
metallic component is composed of titanium, platinum, or 
platinum-iridium, which are nonferromagnetic metals.) 
However, MRI would be contraindicated for a patient who 
may have a ferromagnetic implant or material located in 
the ocular region.™ Therefore, it is necessary to conduct ex 
vivo testing of any metallic implant or device in question to 
determine the torque and/or deflection qualities associated 
with exposure to the magnetic fields used for MRI prior to 
examining the patient. 

FRANK G. SHELLOCK, PHD 
Los Angeles, Calif 
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Questions and Answers 
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News and Comment 


The Optic Neuritis Treatment Trial.— 
Recruitment is continuing for the Op- 
tic Neuritis Treatment Trial, a pro- 
spective, randomized, collaborative, 
clinical trial sponsored by the National 
Eye Institute, National Institutes of 
Health. The primary objective of this 
study is to determine the value of oral 
prednisone and intravenous methyl- 
prednisolone in the treatment of optic 
neuritis. In 1 year, 190 patients were 
entered into the treatment trial at the 
15 participating centers. This exceeded 
the expected number by 30%, but ad- 
ditional patients are still needed. For 
information regarding patient refer- 
rals, contact Roy W. Beck, MD, ONTT 
Chairman, USF Eye Institute, 13131 
Magnolia Dr, Tampa, FL 33612; (813) 
977-8129. 


Proceedings Available.—The Interna- 
tional Conference on Low Vision 1990 
was held in Melbourne, Australia, in 
March 1990 with 275 delegates attend- 
ing from 27 countries. The audio taped 
proceedings from this conference are 
now available. For ordering informa- 
tion, contact Margaret Lawrence, Con- 
ference Organizer, Association for the 
Blind, 454 Glenferrie Rd, Kooyong, 
Victoria 3144, Australia. 


Elias I. Traboulsi, MD, Joins Wilmer 
Eye Institute Faculty.—Elias I. Traboul- 
si, MD, has joined The Johns Hopkins 
Center for Hereditary Eye Diseases, 
part of the Wilmer Eye Institute in 
Baltimore, Md, as an assistant profes- 
sor. A 1982 graduate of the American 
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University of Beirut, Lebanon, and 
former Wilmer genetics fellow, Dr 
Traboulsi has been a clinical assistant 
professor of ophthalmology at Geor- 
getown University Medical Center in 
Washington, DC, since 1989. He most 
recently pursued a fellowship in pedi- 
atric ophthalmology and strabismus 
at the Children’s Hospital in Washing- 
ton, DC. 


Jules Francois Prize Awarded.—Joseph 
Caprioli, MD, of the Yale University 
School of Medicine, New Haven, Conn, 
was awarded the 1989 Francois Prize 
in Brussels, Belgium, on November 25, 
1989. The Francois Prize, funded by 
Chibret International (a division of 
Merck & Co Inc), is awarded to a 
scientist younger than 40 years who 
has made an important contribution to 
ophthalmology. Dr Caprioli’s work 
concerns the mechanisms of optic 
nerve damage in glaucoma. 


More than 80 Million People in the 
United States Are Visually Disabled.— 
According to Research to Prevent 
Blindness, more than 80 million chil- 
dren and adults in the United States 
have disease in one or both eyes. 
The visual disabilities suffered in 14 
million of these cases cannot be cor- 
rected, even with the aid of glasses. 
Americans legally blind in both eyes 
number 890000 and more than 3 mil- 
lion people nationwide have a best 
corrected visual acuity of less than 
20/40; visual impairment so severe 
that half need assistance just to con- 
duct their daily living activities. 
Nearly all of these people are denied 
drivers’ licenses. 


Mackenzie Medal Awarded to Harry A. 
Quigley, MD.—Harry A. Quigley, MD, of 
the Wilmer Institute, Baltimore, Md, 
has been selected to receive the 
William Mackenzie Memorial Medal 
and will deliver the Mackenzie Memo- 
rial Lecture in Glasgow, Scotland, in 
October 1990. The lecture commemo- 
rates the life and work of Dr William 
Mackenzie, the first lecturer at the 
University of Glasgow and the author 
of the first textbook of ophthalmology 
in the English language, published in 


1830. The award is sponsored by the 
Institute of Neurological Sciences in 
Glasgow. Previous recipients have in- 
cluded Sir Stewart Duke-Elder, Prof 
Gerdmeyer Schwickerath, David Cogan, 
MD, and Sohan Hayreh, MD. 


Michael Van Buskirk, MD, Appointed 
Chairman of Ophthalmology at Good 
Samaritan Hospital.—Michael Van Bus- 
kirk, MD, has been appointed the new 
chairman of ophthalmology at Good 
Samaritan Hospital and Medical Cen- 
ter in Portland, Ore. He succeeds Rich- 
ard Chenoweth, MD. Dr Van Buskirk is 
a glaucoma specialist and is currently 
vice chairman and a professor in the 
Department of Ophthalmology at the 
Oregon Health Sciences University in 
Portland. 


John W. Chandler, MD, to Head De- 
partment of Ophthalmology at University 
of Illinois at Chicago.—John W. Chan- 
dler, MD, will become the professor 
and head of the Department of Oph- 
thalmology at the University of Illi- 
nois College of Medicine at Chicago in 
August 1990. He is currently professor 
and chairman of the Department of 
Ophthalmology at the University of 
Wisconsin Medical School. Dr. Chan- 
dler isa member of the Editorial Board 
of the ARCHIVES and Investigative Oph- 
thalmology and Vision Research. He is 
a member of the National Advisory 
Eye Council at the National Institutes 
of Health and chairs its Program Plan- 
ning Subcommittee. 


John W. Chandler, MD 
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David Shoch, MD, PhD, 1918-1990 


On May 8, 1990, ophthalmology in 
the United States lost one of its lead- 
ers. David Shoch, MD, PhD, died at the 
age of 71 years after a heroic battle 
with cancer. 

Dr Shoch was a remarkable ophthal- 
mologist and an even more remarkable 
person. He was born in Warsaw, Po- 
land, but grew up in New York City. He 
obtained his undergraduate degree 
from the City College of New York and 
then moved to Northwestern Univer- 
sity in Evanston, Ill, where he spent 
the remainder of his professional ca- 
reer. He received a masters degree and 
a doctorate in biochemistry from 
Northwestern and obtained his medi- 
cal degree in 1945. Following an in- 
ternship at Cook County (Illinois) Hos- 
pital and 2 years in the Army, he 
returned to Cook County Hospital and 
completed his residency. In 1952, he 
joined Derrick Vail, MD, at Northwest- 
ern, and the two practiced ophthalmol- 
ogy until Dr Vail’s death. Dr Shoch at- 
tained the rank of professor of oph- 
thalmology at Northwestern and 
served as department chairman from 
1966 until 1983. 

Dr Shoch emerged as a leader in 
ophthalmology, serving as the presi- 
dent of the American Ophthalmologi- 
cal Society (1989), president of the 
American Academy of Ophthalmology 
(1980), chairman of the American 
Board of Ophthalmology (1979), presi- 
dent of the Association of University 
Professors in Ophthalmology (1972- 
1973), president of the Chicago Oph- 
thalmologic Society (1963-1964), and 
long-time executive secretary of the 
Heed Ophthalmic Association. 

In addition, Dr Shoch served on the 
editorial board of the American Jour- 
nal of Ophthalmology. A voracious 
reader, he abstracted articles from in- 
ternational ophthalmological and 
medical journals for the readership of 
the AJO. He was capable of perusing 
and translating articles in German, 
French, Spanish, and many other lan- 


guages, and his reading interests ex- | 


tended to all of ophthalmology and be- 
yond. His mastery of medical litera- 
ture persisted until his death. 

Dr Shoch was also active in such di- 
verse organizations as the Chicago 
Orchestral Association and Friends of 
the Library of Northwestern Univer- 
sity Medical School. He was a leader in 
the McGaw Medical Center of North- 
western University and in national 
and international ophthalmology. An 
excellent surgeon and clinician, Dr 
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David Shoch, MD, PhD 


Shoch enjoyed the admiration and re- 
spect of his patients. 

Several weeks before his death, Dr 
Shoch was awarded the Alumni Medal 
of Northwestern University, an award 
restricted to one alumnus per year 
from the entire university. On this oc- 
casion, he entertained a large audience 
for 40 minutes, demonstrating the wit, 
charm, and erudite manner that 
marked his life. 

David Shoch published more than 40 
articles in peer-review journals, pre- 
pared chapters for textbooks, and, in 
recent years, wrote a handbook of 
ophthalmology for residents and med- 
ical students with Tom Gardner. He was 
a leader and a problem solver as well, 
forging important compromises in sit- 
uations where others had failed. He 
was a scholar, a renaissance man, and 
an exceptional person. Those of us for- 
tunate enough to have known him well 
will treasure his memory. 

LEE JAMPOL, MD 
Chicago, Ill 


ALPORT, Benjamin, 85, Longmeadow, 
Mass; Tufts University School of Med- 
icine, 1929; residency, Manhattan Eye, 
Ear, and Throat Hospital, 1944; certi- 
fied by the American Board of Oph- 
thalmology; died February 22, 1990. 
ATKINSON, George S., 76, Mesa, Ariz; 
University of Arkansas College of 
Medicine, 1935; residency, Eye and Ear 
Institute of Louisiana, 1951; died De- 
cember 12, 1989. 

BETHEL, Robert Dean, 76, Pacific 
Grove, Calif; University of California, 
San Francisco, School of Medicine, 
1942; residency, Moffitt University of 
California Hospitals, 1949; certified by 
the American Board of Ophthalmol- 
ogy; died October 5, 1989. 

BURDIN, John Joseph Jr, 76, Lafayette, 
La; Tulane University School of Medi- 





cine, 1935; residency, Charity Hospital 
of Louisiana, 1951; died February 9, 
1990. 

DE VAUL, Charles Harmon, 90, Walnut 
Creek, Calif; University of Iowa Col- 
lege of Medicine, 1927; died February 
12, 1990. 

DONALDSON, James B., 77, Laurel, 
Miss; Vanderbilt University School of 
Medicine, 1939; died May 16, 1989. 
FEIMAN, Lawrence Holt, 76, Milwau- 
kee, Wis; Medical College of Georgia 
School of Medicine, 1937; residency, 
Michael Reese Hospital-Medical Cen- 
ter, 1948, University of Alabama Hos- 
pital, 1949; certified by the American 
Board of Ophthalmology; died March 
2, 1989. 

KAFKA, Adolph Joseph, 80, Prescott, 
Ariz; Creighton University School of 
Medicine, 1935; certified by the Amer- 
ican Board of Ophthalmology; died 
February 18, 1990. 

LIGHT, Arthur, 70, Chicago, Ill; Uni- 
versity of Health Science/Chicago 
Medical School, 1945; residency, Uni- 
versity of Illinois Hospital-Taylor 
Unit, 1956; certified by the American 
Board of Ophthalmology; died March 
31, 1990. 

LOW, Thomas H., 76, Wernersville, Pa; 
Johns Hopkins University School of 
Medicine, 1938; died March 28, 1989. 
MARSH, John W., 89, Wheeling, WVa; 
New York University School of Medi- 
cine, 1926; died March 16, 1990. 
PARSONS, William Chunn, 90, Bir- 
mingham, Ala; Emory University School 
of Medicine, 1924; died March 8, 1990. 
PAYNE, Ralph Baynham, 78, Amarillo, 
Tex; University of Arkansas College of 
Medicine, 1936; residency, Charity 
Hospital of Louisiana, 1939; certified 
by the American Board of Ophthal- 
mology; died January 9, 1990. 
PRATUM, Rolf Hoyendahl, 72, Ojai, 
Calif; University of Illinois College of 
Medicine, 1945; residency, Marine Hos- 
pital, 1959, Charity Hospital of Louisi- 
ana-New Orleans, 1952; certified by 
the American Board of Ophthalmol- 
ogy; died February 15, 1990. 

PRICE, James, 54, Tampa, Fla; Jeffer- 
son Medical College of Thomas Jeffer- 
son University, 1963; residency, DC 
General Hospital, 1967, Veterans Ad- 
ministration Medical Center, 1967; 
certified by the American Board of 
Ophthalmology; died February 10, 
1990. 

RUBIN, Gerald Stone, 81, Albuquerque, 
NM; Indiana University School of 
Medicine, 1932; residency, Michael 
Reese Hospital-Medical Center, 1940, 
University of Illinois Hospital-Taylor 
Unit, 1941; certified by the American 
Board of Ophthalmology; died March 
11, 1990. 


Obituaries 








‘Tears Renewed 
Ointment is Free 


Free of Lanolin and Preservatives and Free 
to You When You Call 1-800-535-7155 






Lanolin, obtained from the wool _ i is dry eye relief. Free of ingre- 


dients that can be uncom- 


of sheep, and the harsh 


chemicals in preservatives pe fortable for your patient. 

s 
Te Fal: i 
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dry eye syndrome. * Call today for your free 
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Tears Renewed Ointment” 29 samples. 





DIAGNOSE THE PROBLEM. PRESCRIBE THE RELIEF. 





Akorn.m:. 
-800-63$-7155 


In Louisiana -800-344-2291 
100 Akorn Dr. * Abita Springs, LA 70420 
Akorn’s products are priced to save you money 


WE OFFER AN EXTENSIVE LINE OF DIAGNOSTIC AND THERAPEUTIC PRODUCTS. 
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The unique purchase program. 


NOW EARN POINTS TOWARD 
STORZ OPHTHALMIC PRODUCTS 


You have always known STORZ for its unique spirit 
of innovation, and its unparalleled dedication to 
craftsmanship and quality. That spirit has now 
been infused into a new purchase program that 
can earn you STORZ products. 


Introducing the STORZ SPIRIT program. A purchase“ 
program dedicated to rewarding you for consis- 
tently choosing the finest ophthalmic products 
available—STORZ ophthalmic instruments, equip- 


— 
21 
— 
— 
—_— 
— 
— 
a 
-—_ 
— 
— 
— 





storz 


i) 
P al 
D Anda 
vÈ 










OAD 
torso ay 


%O'LIDH OuyoAsesjey 


o UÁwOoIYIY 


e A O ee a 
= SS OS a ge ak AE PONS EPs rigs eS Rade em 3 x D AIAT ae SS 


CISA 


by ey 
>” 


——— 


ios = = eee —E — 
i TEDE E A EE ANEA E NEDRE A E ea e N AA O AAA A a na E RA AE R N E A aed E T 
a a en ac a A ec aa aa a a e a aaa a a a a a a Ae a a n i D ai d aa 





for ophthalmology '’s most frequently purchased products. 


ment and STORZ pharmaceuticals. As a member 
of the STORZ SPIRIT program, each time you OCCUENAT” 
purchase a STORZ product you will be awarded iydrowpropyimethyicel 
bonus points good for STORZ ophthalmic prod- 
ucts. The more products you buy, the more points 
you earn—and the more STORZ products 

you can obtain * 


So catch the new STORZ SPIRIT. 





* Purchases of STORZ/Coburn intraocular lenses, Lederle Pharmaceuticals, and PREMIERE disposable packs will STORZ OPHTHALMICS, INC. 
not eam points, although points can be redeemed for PREMIERE disposable packs. Program subject to change | 
or cancellation by STORZ at any time with 30 days notice to members. Void where prohibited, offer valid in WE’RE WITH YOU ALL THE WAY IN OPHTHALMOLOGY. 
United States. Call 1-800-325-9500 to order today. 
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The 
increasing 
public need for 
accurate and 
concise drug- 
use information 
requires your special attention to 
patient counseling and education. 
The medical community has long 
recognized the need for such 
education. 

As a physician, it is vital that you 
provide your patients with appropriate 
drug use information. AMA PMIs make 
it easy and convenient to do this. 
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PMIs are handy, tear-off, drug 
information sheets designed to 
supplement your verbal instructions 
to your patients. They are quick and 
easy because you distribute them at 
the same time you write the 
prescription. 
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AMA PATIENT MEDICATION INSTRUCTIONS 


—the patient counseling program 
designed to strengthen your 
physician - patient relationships. 


The Patient Medication Instruction 


(PMI) Program is designed to help you: 


g strengthen your physician- 
patient relationships. 

_j improve patient compliance 
in drug use. 

g increase the effectiveness of 
drug therapy. 


PMIs contain scientifically 
sound information for the 
drugs you most frequently 
prescribe. Each PMI provides: 
ga description of the medicine 

and its purpose. 

(_) information to be considered 
before use. 

g guidelines on the proper use 
of the medicine, including 
what should be done if a dose 
is missed or delayed. 

g select side effects—those 
that should be reported to the 
physician and those that 
usually do not require medical 
attention. 

PMIs are available for 81 drug titles. 
They are distributed exclusively through 
the United States Pharmacopeia 
(USP). USP is the organization that 
for 170 years has revised and published 
The United States Pharmacopeia and 
the National Formulary (USP—NF), 
the legally recognized compendia of 
standards for drugs, and the USP DI® 
database of drug use information from 
which the text of PMIs is extracted. 
















Help your patients get the information they want and need. Order your PMIs from USP today. Call toll-free to 
receive a FREE PMI information kit or to order and charge to your MasterCard. or VISA. 


1-800-227-8772, Ext. 771 









\hird-party 
reimbursement 
and office 
productivity... 


What you 
don’t know 
can hurt you. 


To run an efficient practice, 
you need a staff that can take 
good care of patients and 
business. The AMA offers help 
with a series of workshops for 
you and your staff. 


Insurance Processing and 
Coding explores Medicare and 
other third-party payers and 
ways to get full, prompt pay- 
ment. Introduces ICD-9 and 
CPT-4 coding systems. 





ICD-9 Coding tor Doctors’ 
Offices unlocks the complex- 
ities of ICD-9 coding and 
opens the door to faster 
Medicare claims processing 
and payment. 













Advanced CPT- 4 Coding 
explores the challenges of 
CPT- 4 coding and the most 
common coding errors. 


The Business Side of Medicine 
provides systems and pro- 
cedures for improving the 
management and operation of 
a medical practice. 


Medical Collections 
Management covers 
collections policies 
and procedures — 
what works and what 
doesn't. 





Call 


| 1-312-645-4958 


for the workshop location 
nearest you. 


Polytrim’® Ophthalmic § Solution n Sterile 
(trimethoprim sulfate and polymyxin B sulfate) _ 





























































INDICATIONS AND USAGE: Polytrim Ophthalmic Solution i is 
indicated in the treatment of surface ocular bacterial infections, 
including acute bacterial conjunctivitis, and blepharoconjunc- 
tivitis, caused by susceptible strains of the following microo 
ganisms: Staphylococcus aureus, Staphylococcus epidermidis, 
Streptococcus pneumoniae, Streptococcus viridans, Haemophilus 
influenzae and Pseudomonas aeruginosa, *Efficacy for this o 
ganism in this organ system was studied in fewer than 10 infe 
tions. CONTRAINDICATIONS: Polytrim Ophthalmic Solution 
contraindicated in patients with known hypersensitivity to any: 
of its components. WARNINGS: NOT FOR INJECTION INTO THE. 
EYE. If a sensitivity reaction to Polytrim occurs, discontinue use. 
Polytrim Ophthalmic Solution is not indicated for the prophylaxis 
or treatment of ophthalmia neonatorum. PRECAUTIONS: 
General: As with other antimicrobial preparations, prolonged. 
use may result in overgrowth of nonsusceptible organisms, 
including fungi. If superinfection occurs, appropriate therapy. 
should be initiated. Information for Patients: Avoid contam- 
inating the applicator tip with material from the eye, fingers, or 
other source. This precaution is necessary if the sterility of the 
drops is to be maintained. If redness, irritation, swelling or pain 
persists or increases, discontinue use immediately and contact. 
your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 
evaluate carcinogenic potential have not been conducted with — 
polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 
prim was demonstrated to be non-mutagenic in the Ames assay. ` 
In studies at two laboratories no chromosomal damage was — 
detected in cultured Chinese hamster ovary cells at concentra- ` 
tions approximately 500 times human plasma levels after oral 
administration; at concentrations approximately 1000 times - 
human plasma levels after oral administration in these same cells. 
a low level of chromosomal damage was induced at one of the — 
laboratories. Studies to evaluate mutagenic potential have not 
been conducted with polymyxin B sulfate. Impairment of Fer- 
tility: Polymyxin B sulfate has been reported to impair the 
motility of equine sperm, but its effects on male or female fertility - 
are unknown. No adverse effects on fertility or general reproduc- -- 
tive performance were observed in rats given trimethoprim in — 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day. 
for females. Pregnancy: Teratogenic Effects: Pregnancy — 
Category C. Animal reproduction studies have not been: 
conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to ~ 
a pregnant woman or can affect reproduction capacity. Trimetho- 
prim has been shown to be teratogenic in the rat when given in | 
oral doses 40 times the human dose. In some rabbit studies, the - 
overall increase in fetal loss (dead and resorbed and malformed - 
conceptuses) was associated with oral doses 6 times the human ` ` 
therapeutic dose. While there are no large well-controlled studies —. 
on the use of trimethoprim in pregnant women, Brumfitt and Pur- _ 
sell, in a retrospective study, reported the outcome of 186 preg- 
nancies during which the mother received either placebo or oral - 
trimethoprim in combination with sulfamethoxazole. The inci- 
dence of congenital abnormalities was 4.5% (3 of 66) in those who. _ 
received placebo and 3.3% (4 of 120) in those receiving trimetho- — 
prim and sulfamethoxazole. There were no abnormalities in the — 
10 children whose mothers received the drug during the first. _ 
trimester. In a separate survey, Brumfitt and Pursell also found | 
no congenital abnormalities in 35 children whose mothers had- 
received oral trimethoprim and sulfamethoxazole at the time of - 
conception or shortly thereafter. Because trimethoprim may : 
interfere with folic acid metabolism, trimethoprim should be used. . 
during pregnancy only if the potential benefit justifies the poten- .. 
tial risk to the fetus. Nonteratogenic Effects: The oraladminis- - 
tration of trimethoprim to rats at a dose of 70 mg/kg/day com- | 
mencing with the last third of gestation and continuing through — 
parturition and lactation caused no deleterious effects on gesta- 
tion or pup growth and survival. Pediatric Use: Safety and | 
effectiveness in children below the age of 2 months have not been. e 
established (see WARNINGS). ADVERSE REACTIONS: The most ` 
frequent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less — 
than 4 of 100 patients treated. Polytrim has a low incidence of ` 
hypersensitivity reactions (less than 2 of 100 patients treated) ` 
consisting of lid edema, itching, increased redness, tearing and/or — 
circumocular rash. Although sensitivity reactions to trimethoprim ._. 
are rare, an isolated incident of photosensitivity was repond . 
in a patient who received the drug orally. me 
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Whats Been Missing 
From Your 


Ocular Anti-Infective 
Therapy? 


Polytrim Ophthalmic Solution, contai 
the antimicrobial agent oo is the 
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Polymyxain B 


: an Streptococcus pneumoniae, Staphylococcus 


aureus, Haemophilus influenzae and 
Pseudomonas aeruginosa. ! In vitro data are not 
always predictive of clinical results. - 

Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidence of hypersensitivity reactions was 
less than 2 %. And that can mean better patient 
acceptance. 

So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 

And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 


Polytrim 


Ophthalmic Solution Sterile 
(trimethoprim sulfate 0.1% & — 
polymyxin B sulfate 10,000 units/mL) 


The everyday solution for broad. 
spectrum ocular anti-infective therapy. 


Polytrim Ophthalmic Solution is not indicated for the TODAS or -Se j 
treatment of ophthalmia neonatorum. pete ts 
L Ashley KC. The antimicrobial activity of topical anti- -infective eye 
preparations. Med Lab Sci 1986;43:157162. 

Please see adjacent page for brief prescribing information. 


Æ ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals A Division of Allergan, Inc. Irvine, CA 92713 © 1990 Allergan, Inc. 
















































- In a recent publication, Dryja and colleagues’ re- 
‘ported a point mutation of the rhodopsin gene in one 
‘form of retinitis pigmentosa (RP). The mutation, a 
‘cytosine-to-adenine base transversion, results in the 
‘substitution of histidine (His) for proline (Pro) at posi- 
tion 28 of the rhodopsin protein. In heterozygotes for 
~ this mutation with one normal and one abnormal copy of 
-- the rhodopsin gene, this alteration appears to cause rod 
cell dysfunction, a characteristic finding in RP. 
To see rhodopsin in the forefront of research gives me 
~ a feeling of déjà vu. It reminds me of what George 
= Wald,” who shared the Nobel Prize for his work on 
ug rhodopsin, said in 1972: “I feel a little like that character 
-> in Molières play who learned with delight that all his 
_. life he had been speaking prose. In the visual pigments 
-we are working with membrane proteins, and mem- 
branes and their structure are, of course, now of central 
biological concern.” Since 1972, rhodopsin has been 
-placed in the limelight more than once as a model for 
central problems of present-day biology. To under- 
stand why rhodopsin has been selected for this role, one 
-needs to know some of the facts about the visual pig- 
ment gene family and the mutations in these genes that 
recently have been identified in some patients with blue 
cone monochromasy and RP. 
-The visual pigment gene family in humans consists of 
‘four members’: the rod pigment (rhodopsin) gene on 
-chromosome 8, the blue cone pigment gene on chromo- 
some 7, and the red and the green cone pigment genes 
-on the X chromosome. The protein products of these 
genes are found in the rod cells and in three classes of 
cone cells. Each photoreceptor cell expresses only one 
Spe of visual pigment gene. 
The DNA sequences of the visual pigment genes 
À ` ghow sufficient similarities to suggest that they derive 
. from a common ancestral gene; therefore, they are 
- grouped as a family. All of these genes encode integral 
5 membrane proteins that traverse the membrane seven 
times. The protein folds to form a three-dimensional 
` pocket for the binding site of the chromophore 11-cis 
retinal. Each type of visual pigment protein is tuned to 
‘absorb light. maximally at different wavelengths. The 
oes maximum is 495 nm for rhodopsin, 420 nm 





Visual Pigments, Blue Cone Monochromasy. 
-= and Retinitis Pigmentosa 




































for the blue cone pigment, 560 nm for the a cone 
pigment, and 530 nm for the green cone pigment. Th 
rod pigment mediates scotopic vision (in dim light) 
whereas the cone pigments are responsible for photopi 
vision (in bright light). The red, green, and blue con 
pigments also form the basis of color vision in humans. 
The mechanisms by which rod photoreceptors con 
vert light to neural signals are well understood." Thi 
same mechanisms are also believed to operate in th 
cones. When excited by light, activated rhodopsin cata 
lyzes the exchange of guanosine diphosphate for guano 
sine triphosphate binding to a G protein (guanine nu 
cleotide—-binding protein). The activated G protein, i 
turn, stimulates the enzyme cyclic guanosine mono 
phosphate (cGMP) phosphodiesterase, which hydro 
lyzes the intracellular messenger cGMP. A decrease i 
cGMP concentration causes the cGMP-gated mem 
brane ionic channels to close and the cell plasma mem 
brane to hyperpolarize—the first neural signal of vi 
sion. The excited rhodopsin molecules are inactivate 
by a kinase that phosphorylates the protein. ee 
This basic scheme of coupling a receptor with a ( 
protein effector is a fundamental strategy that recarsi į 
various biological systems of signal transduction, i 
cluding vision, neurotransmission, and hormone ac 
tion.’ Other than the rod photoreceptors, the B- -adren 
ergic receptor system has been studied mos 
extensively. Ligand binding activates these hormoni 
receptors, which, in turn, stimulate, via a G protein 
adenylate cyclase to synthesize cyclic adenosine mono 
phosphate. Accordingly, light-activated rhodopsin. be 
haves like a ligand- stimulated chemical receptor an 
serves as a major model for the study of G protein 
mediated signal transduction pathways. | 
Mutations in the visual pigment genes could result i 
abnormal photoreceptor function. One of the expecte 
phenotypes is color-vision deficiency. Mutations tha 
have been identified in the cone pigment genes have 
explained X-linked color deficiencies affecting red an 
green sensitivities.’ The intron/exon organization. an 
nucleotide sequence of the red and the green cone pig 
ment genes are very similar. They exist in a head-to J= 
tandem array with one red Pigment, gene and 
















































- more copies of the green pigment gene. (A person with 
normal color vision may have more than one copy of the 
green pigment gene.) The high degree of relatedness of 
~ these genes and their close physical proximity often 
- leads to mispairing and unequal recombination during 
meiosis, causing deletion of one or more of the genes or 
` the formation of anomalous red-green hybrid genes. 
Indeed, Nathans and associates’ have found that a di- 
~chromat with no green sensitivity is missing all the 
: green pigment genes, whereas one with no red sensitiv- 
ity has alterations in the red pigment gene. 

< Theoretically, a dichromat who acquires a second 
mutation that inactivates the remaining red or green 
pigment gene would become a blue cone soccer ce 
In a recent study of blue cone monochromats, Nathans 
and coworkers* have found mutations in the red and the 
~ green pigment genes of these patients that are consis- 
-tent with the two-step loss-of-function mechanism. One 
of the steps can be explained by a deletion due to 
- unequal homologous recombination and the second step 
-by a point mutation. They also found examples of an 
_ alternative mechanism for blue cone monochromasy: a 
- nonhomologous DNA deletion near the beginning of the 
: gene array that inactivates both the red and the green 
pigment genes. The discovery of such mutations im- 
_ plies that the regulation of the red and the green pig- 
ment genes may be directly or indirectly linked. There- 
- fore, the red and green pigment gene cluster may serve 
-as a good model for studying gene regulation and cell 
_ differentiation, which are key issues of modern biology. 
Retinitis pigmentosa is a set of hereditary disorders 
that primarily affect photoreceptors and the retinal 
. pigment epithelium.” Diagnosis of RP is suggested by 
-night blindness and confirmed by a loss of rod function 
-as measured by electroretinography as well as by pig- 
mentary changes in the peripheral fundus. It is now 
_ known that this group of disorders is caused by muta- 
tions at various loci within the genome. For example, 
-there appear to be two distinct loci on the X chromo- 
-some that are responsible for the X-linked recessive 
form of RP.” The autosomal forms are inherited in 
` either the dominant or the recessive fashion. 

The different genetic subtypes of RP may vary in 
severity and onset of symptoms. In general, the least 
-severe are the autosomal dominant forms of RP 
(ADRP). The genetic locus for ADRP in a large pedi- 
-gree of Irish origin recently has been mapped to 3q by 
‘McWilliam and colleagues” near the location of the 
: rhodopsin gene. This coincidental proximity persuaded 
_Dryja and colleagues’ to examine the DNA sequence of 
the rhodopsin gene of unrelated patients with ADRP 
¿who had abnormal electroretinographic responses. Re- 
-sults of their study showed that 17 (approximately 11%) 
of 148 unrelated patients with ADRP have the mutation 
designated “rhodopsin 23, PropHis,” whereas 102 unaf- 
fected individuals have the normal gene. In a large 
-pedigree with early-onset ADRP, the mutation showed 
-cosegregation with the disorder. These results suggest 
that this single amino acid substitution is the genetic 
basis of the clinical phenotype in some families with 
-ADRP and that additional mutations may be found in 
‘the rhodopsin genes of other patients with ADRP. 
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The mutation reported by Dryja and colleagues’ is 
the first one identified that is thought to cause RP. 
Proline 23 is highly conserved among the opsins and 
often in other receptors that interact with G proteins.” 
Therefore, it would seem that the proline is functionally 
important. It is not clear, however, which aspect of the 
function of rhodopsin this particular mutation disrupts. 
Furthermore, it is somewhat curious that the disorder 
is inherited in the dominant fashion. For instance, point 
mutations that inactivate the red or the green pigment 
genes do not cause symptoms of diseases such as RP* 
and females who are heterozygotes for mutations in the 
red and the green pigment genes perform quite normal- 
ly. The specific mutation in ADRP, therefore, is not a 
simple loss of function; this mutation acts as if it trig- 
gers some processes that lead to rod cell degeneration. 
If this analysis is correct, what is the trigger? 

The study of Dryja et al' not only has provided new 
information about an important question, but has also 
provoked more questions that need further investiga- 
tion. Defining the relationship between genotype (the 
mutation) and phenotype (the clinical symptoms of 
ADRP) is a focus of current research. Meanwhile, for 
clinical applications, blue cone monochromasy and one 
form of ADRP can now be diagnosed specifically by 
DNA analysis. It is hoped that the genetic loci for 
different forms of RP will be subsequently identified. 
Echoing George Wald’s sentiment, we who work in 
visual research look forward to a higher level of under- 
standing of receptor physiology and pathology by 
studying rhodopsin. 


FULTON WONG, PHD 
Durham, NC 
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‘Special Article 


- An Ophthalmologist’s Viewpoint 


-e The increasing cost of American health care necessi- 
-tates major adjustments in the systems for providing that 
are. Computerization has the potential for facilitating ef- 
3 ficient, affordable, and high-quality care while maintaining 
a fee-for-service system. The development of model de- 
livery systems for health care should receive research 
“funding from private and government sources. For oph- 
-thalmology, a paradigm for technology-dependent spe- 
~. -cialties, mechanisms to streamline eye care are being ex- 
plored via a nonprofit foundation. 

(Arch Ophthaimol. 1990; 108:937-938) 


'n 1930, when I was born, the United States had a 
: balanced budget, used only 3% of its gross na- 
> tional product on health, and offered the best medical 
> eare in the world. Physicians as solo practitioners 
were admired and respected in their communities. 
- Their bedside manner was a mixture of skill and art 
~~ learned from a long tradition of doctoring. The focus 
< was on the individuals, not the outcomes. In the old 
-< days, few diseases could be arrested or cured. The poor 
< had scant access to care. 
< Today, one speaks about health care rather than 
= medical care; the physician is entwined in a complex 
— of human and technological dependencies. Thanks to 
= research, this country still has the best medical 
=. expertise in the world. However, we are spending 
more of the gross national product on health care 
` (now 12%), and yet there is a widening gap between 
~ what our health care could be and what it is. 
-- Research has not yet been focused on how to fit 
-modern technology with the affordable delivery of 
health care. Although there are other positive and 
i negative factors that could reduce the cost of care (eg, 
- tort reform, reduction of fees, and rationing of care), 
©- better integrated technology is the most important 
- factor. Effective health care for everyone will be af- 
=> fordable when there is a radical alteration in the 
. - mechanisms for its provision. How to do this while 
ie receiving all the benefits of expensive technology is 
_ the issue to be addressed. 
The United States will have to restructure health 
care by the same scientific research process that has 
brought the great medical breakthroughs. No country 
now v has a sufficiently efficient health care system to 
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The Imperative for Change 
Health Care Delivery 


































sustain high technology. It is time to make health ¢ ci 
restructuring a priority in scientific investigation 
There is a reluctance to redefine the roles that phy 
cians play and to assign more and more of the tech 
nical tasks to technical people. These goals must b 
met, but within a unified system under medical lead 
ership. 

After some thought on the matter, most everyon 
will conclude that the computer holds the key to bot: 
the restructuring and the unification of the ent 
system. Created less than 40 years ago, the increas 
ingly “friendly” computer can now extend humai 
knowledge and capabilities in unprecedented ways 
often in split-second time. Coupled with variou 
methods of telecommunications, the computer. af 
fords broad opportunity to unite the mosaic of healt] 
care. 

There are three main obstacles to the PEA 
pursuit of using computerization to make technolog 
affordable. First, there is the need for leadership tha 
is prepared to reconstruct the role of the physician 
Computerization will bring both “physician-favor 
able” and “physician-unfavorable” side effects. Sec 
ond, to embark on any program that is initially mor 
capital intensive than the one being replaced consti 
tutes a leap of faith that few individuals in the belea 
guered health care field are willing to initiate. Third 
computerization and its related technologies consti 
tute such a hodgepodge of rapidly changing. product 
and capabilities that no proposed health care deliver. 
plan can be advocated as state of the art. 7 

Devising new delivery systems for health care re 
quires the participation of many people, but physi 
cians should be the leaders—not legislators, socia 
workers, or administrators. We should construct ou 
own professional models. That restructuring need 
both idealism and pragmatism. We are the peopl 
best qualified to determine how the public will likel; 
receive the highest- quality, but least expensive, care 
The public once again needs its physicians as its he 
roes, but this time there will be less physician visibil 
ity than in earlier times; on the other hand, physi 
cians will have much more science at their fingertips 
My assumption is that a physician will bein chai 
of each subunit of the entire health care team, a 
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that paraprofessionals will report to him or her and 
function under the same high standards of practice as 
the physician. 

Pilot projects will have to determine how a com- 
puter-based health care structure can be made eco- 
nomical. Economy must be accomplished through 
volume, efficiency, and effectiveness of care. The 
indispensable human element must be the driving 
force of any system that includes computerization of 
medical records, differential diagnosis for the indi- 
vidual patient, interpretation of test data, and selec- 
tion of therapeutic pathways. As artificial intelli- 
gence evolves, the computer will be as much a part of 
physicians’ work as was the stethoscope in my years 
of training. The confidentiality of medical informa- 
tion requires protection in computerized records. 
There must be safeguards against computer failures. 
There is legitimate concern that computerization will 
unnecessarily expose the physician to nit- picking 
regulators and plaintiffs’ attorneys. There is fear that 
- the computer will detract from the humanism of doc- 
toring. Those factors are important and I share the 
~-eoncern, but the enormity of the health care predica- 
ment makes reliance on a computer-based system an 
-essential commitment whose potential flaws must be 
-worked out. 

_ The primary care physician is properly the physi- 
-cian mainly responsible for building the patient’s 
computer-filed history. I prefer to adopt the word 
< “caretaker” instead of “gatekeeper.” That physician 
-will have a degree of control over patient referral, 
i minimizing expenditures on specialized expertise, but 
only in keeping with high-quality care. The computer 
- will be central to all of the patient’s medical records 
as well as to referrals and scheduling, quality assur- 
ance, and even to relicensure of physicians and their 


> Hach patient should get the same level of care in 
- any model project to be established. There should also 
be centralized billing, regardless of the source of pay- 
ment. Disposable supplies should be minimized in ev- 
ery prudent way. Inventories and purchasing should 
be monitored in the interest of economy. I suggest 
hat the administration of the proposed pilot project 
e jointly “owned” by a nonprofit corporation for 
which the participants are responsible, involving 
hem in all issues of effectiveness and cost of care. In 
iny scheme that I envision, physicians will work on a 
_ fee-for-service basis, and the employees of their 
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teams will also be rewarded for ie effectiveness of 
their work. 

Numerous pilot programs, differing considerably in 
basic concepts, should be fostered by philanthropic 
individuals and particularly by public and private in- 
stitutions through grants. My own effort to help our 
health care system cope with technology has led to the 
establishment of a tax- -exempt public foundation (The 
EXCEL Foundation, Room 3500, 30 Rockefeller Plaza, 
New York, NY 10112). Its projects are aimed at stim- 
ulating interest in the provision of innovative eye 
care, which I see as a paradigm for all technology-de- 
pendent health care. 

Plans are developing for the creation of a model 
demonstration system of eye care that will probably 
be located in the greater New York City area. As an 
ophthalmologist, I am particularly sensitive to the 
need for a plan that efficiently unites the primary 
physician with the specialist. We hope to create an 
intramural/extramural, computer-based project de- 
signed to show how high technology and a large but 
uniquely integrated team of eye care workers can 
render the highest possible quality and most afford- 
able eye care. The model center will become the cen- 
terpiece of the ophthalmology residency training 
program that I chair at the Catholic Medical Center 
of Brooklyn and Queens Inc. Ours is intended to be- 
come a residency program dedicated to research in 
eye care delivery. The facilities, data, skills, and con- 
cepts of our projects will be developed for objective 
analysis and for teaching purposes. 

Health care restructuring needs vision, zeal, exper- 
tise, and leadership. Physicians will have to see 
beyond their own purposes to those of society. Chang- 
ing from the horse and buggy to the automobile is 
equivalent to the change from the fountain pen to the 
computer. It becomes affordable—even indispens- 
able—when it is in pace with societal changes. 
Achievement of an effective, economical, and flexible 
system might well be a more enduring contribution to 
humanity than any single health care breakthrough 
of the past. 

Davip Paton, MD, FACS 
Flushing, NY 


This report was presented in part at the 11th Annual Royal Ha- 
walian Eye Meeting, Maui, Hawaii, January 26, 1990, on the occa- 
sion of the 1990 Philip M. Corboy, MD, Award for Distinguished 
Service to Ophthalmology. 
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Results of Penetrating Keratoplasty for the 


Treatment of Corneal Perforations 


Janis R. Nobe, MD; Bonnie T. Moura, MD; Jeffrey B. Robin, MD; Ronald E. Smith, MD 


@ We retrospectively analyzed 46 con- 
secutive cases of penetrating kerato- 
plasty performed as part of the treatment 
of corneal perforations; the minimum fol- 
low-up time after keratoplasty was 7 
months. Predisposing conditions leading 
to perforation were an infectious keratitis 


in 26 eyes (57%), trauma in 14 eyes (30%), 
_and corneal melt associated with ocular 
- surface disorder in 6 eyes (13%). The suc- 


cess of penetrating keratoplasty in the 
treatment of corneal perforation de- 
pended on the timing of surgery and the 
cause of the perforation. If the perforation 
was traumatic in origin, delaying surgery 
for at least 3 months significantly im- 
proved the chances for graft success. 
Eighty percent of the penetrating kerato- 
plasties delayed 3 months following pri- 
mary repair of corneal laceration remained 
clear, and 50% of these patients had a 
visual acuity of 20/60 or better. if pene- 
trating keratoplasties were performed for 
an infectious corneal perforation, grafts 
had a better chance to remain clear if sur- 


< ` gery could be delayed. All grafts per- 


formed for corneal perforation associated 
with melting and ocular surface abnormal- 
ities failed. 

(Arch Ophthalmol. 1990; 108:939-94 1) 


Corneal perforation is an unfortu- 

nate sequela of infectious sterile or 
inflammatory keratitis, trauma, and 
dry-eye conditions, including collagen 
vascular disease and cicatricial dis- 
orders.'? Alkali injuries to the eye and 


exposure keratitis can also result in 


corneal ulceration and perforation.*® 
Since corneal perforation has a high 
ocular morbidity, prompt diagnosis is 
crucial. Treatments available for the 
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management of corneal perforation 
include tissue adhesives,*’ lamellar 
keratoplasty,'* therapeutic soft con- 
tact lenses,’ conjunctival flaps,” and 
penetrating keratoplasty (PK).2!"? 

Penetrating keratoplasty may be in- 
dicated immediately after corneal per- 
foration to restore anatomic integ- 
rity of the anterior segment,” al- 
though such procedures have widely 
varying success rates.2*"' Dohlman et 
al’ considered the treatment of corneal 
perforations by PK to be dangerous 
due to the high risk of complicating 
synechiae, glaucoma, uveitis, and 
eventual graft failure in these in- 
flamed eyes. Similarly, Foster and 
Duncan," in a series of PKs for herpes 
simplex keratitis, reported no clear 
grafts after 16 emergency PKs for 
perforation. Tragakis et al,'' however, 
described 10 cases of corneal perfora- 
tion treated by PK as a primary proce- 
dure. Seven grafts (70%) remained 
clear and eyes achieved a visual acuity 
of 20/60 or better after at least 7 
months of follow-up. More recently, 
Hill’ described clarity in 70% of grafts 
following PK performed in the acute 
phase of deep, indolent, infectious cor- 
neal ulcers or descemetoceles. 

To better understand the relation- 
ship between the timing of surgery and 
graft success, we report herein a ret- 
rospective analysis of 46 consecutive 
cases of PK performed as part of the 
treatment of corneal perforation. 


SUBJECTS AND METHODS 


The records of all patients with corneal 
perforation who underwent PKs at the Los 
Angeles County/University of Southern 
California Medical Center or the Doheny 
Eye Institute, Los Angeles, between July 
1979 and December 1988 were reviewed. If 
PK had been performed more than once in 
an eye, the results of only the first PK were 
analyzed. 

Factors analyzed included patient age 
and sex, predisposing conditions leading to 
corneal perforation, the timing of PK fol- 
lowing perforation, previous therapy (in 
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cases in which PK was delayed), surgical 
procedure, and graft clarity. All cases of 
infectious keratitis were treated medical 
with appropriate antibacterial or antivir 
agents. Although several corneal surgeo. 
performed these operations, standard 
techniques were routinely used. Overs 
donor buttons were used in all cases ( 
mm for phakic eyes and 0:5 mm for aphal 
and pseudophakic eyes). Graft size was ¢ 
pendent on the area of original corneal dis- 
ease, and donor button diameters. ranged 
from 7.5 to 10 mm. Interrupted 10-0 nylon 
sutures were used in all cases and. knots 
were routinely buried in host corneal tissu 
The minimum follow-up time for all- P 
tients was 7 months. Statistical signi 
cance was determined by the Mantel-Haen 
zel x? test and Fisher’s Exact Test. — 

Penetrating keratoplasties following col > 
neal perforation were classified into one of 
four categories: group 1, emergent PK, pe 
formed within 24 hours of corneal perfor 
tion; group 2, urgent PK, performed with 
2 to 6 days after perforation; group 8, PK 
performed at an intermediate stage ¿ 
perforation (1 week to 2 months), after su 
cessful use of tissue adhesive or lamell 
keratoplasty as the initial treatment for 
corneal perforation; and group 4, PK de- 
layed at least 3 months (Table 1). | 


RESULTS 


Forty-six eyes of 46 patients were 
treated with PK following corneal per- 
foration. Twenty-six (57%) of the pa- 
tients were male and 20 (48%) were 
female; the mean age was 46 years, 
with a range of 7 months to 87 years. 
The predisposing condition leading to 
perforation was an infectious keratitis 
in 26 eyes (57%), trauma in 14 eyes 
(30%), and corneal melt associatec 
with ocular surface disorder in 6 eyes 
(13%). S 

Corneal transplantations per- 
formed emergently (group 1) retained 
clarity in only 1 (9% ) of 11 eyes. If PK 
was performed for an infectious cor- 
neal perforation, clear grafts were 
seen more often when the timing of 
surgery was urgent or intermediate 
(57% and 31%, respectively). than 
when it was performed | emergent 
(17%, Table 2). If PK was. a perfore 
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Pseudomonas keratitis 
Culture-negative keratitis 
Trauma 
Pseudomonas keratitis 
65/Female Corneal melt (pemphigoid) 
21/Female Herpetic keratitis 


33/Female Corneal melt 
(ectodermal dysplasia) 


Trauma 
Culture-negative keratitis 
Culture-negative keratitis 
Trauma 
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63/ Male 
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roup 2 (Urgent PK) 


76/Male 





Corneal melt F G, CL 
(rheumatoid arthritis) 


47 /Male Moraxella keratitis 


65/Female Corneal meit 
(rheumatoid arthritis) 



























5 72/Male Streptococcal keratitis F 
§/Female Herpetic keratitis C 20/25 G. CL 
55/Female Streptococcal korane z 20/200 G, CL 
a 29/ Mate Herpetic keratitis G. CL 
76/Male Streptococcal keratitis 20/100 CL 



























20/Female 
80/Male 
- 86/Female 


Herpetic keratitis C 20/40 G, CL 
Staphylococcal keratitis F a G, CL 


Corneal melt 
(rheumatoid arthritis) 


24 67 / Male Herpetic keratitis F 
25 55/Female Culture-negative keratitis C G. CL 
F 


; 64/Male Herpetic keratitis G, CL 
a 62/ Male Staphylococcal keratitis F G, CL 
‘ 62 /Female Streptococcal keratitis C 20/25 G, CL 


= 33/Male Gonococcal keratitis Lamellar keratoplasty 


22 
23 




















































30 53/Male Mixed-bacterial keratitis 


j: 31 53/ Male Mixed-bacterial keratitis $ G. CL 

| 
| 71/Male Comes melt — F G, CL 

(rheumatoid arthritis) 
Pseudomonas keratitis 
Mixed-bacterial keratitis 
Culture-negative keratitis 
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15/Male 
46 /Male 


Trauma Primary repair 
E L 38 Trauma Primary repair 

i z 35/Mak _Trauma 20/25 Primary repair 

[Ee emae mama e e00 Primare 
JE 4/Female Trauma 20/300 Primary repair 
22/ Male Trauma Primary repair 
ET Male. Trauma Primary repair 
24/Female Trauma — Primary repair 
6/Female Trauma - Primary repair 
29/Female. Trauma Primary repair 


r TVA indicates postoperative visual acuity | in 7 patients with clear grafts; PK, penetrating keratoplasty; F, failed: 
“G clear; LP, light perception; G, aneas tissue adhesive; CL, bandage soft contact lens; and HM, hand 
“motions. 
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following a traumatic corneal perfora- 
tion, a graft clarity rate of 80% (8/10) 
was seen if surgery could be delayed 3 
months (group 4). None of the three 
corneal grafts done emergently (group 
1) for traumatic corneal perforations 
remained clear. The minimum follow- 
up time for all patients was 7 months. 

All PKs performed following cor- 
neal perforation associated with cor- 
neal melting and ocular surface abnor- 
malities failed. Of the six patients, 
four had rheumatoid arthritis, one had 
ocular cicatricial pemphigoid, and one 
had ectodermal dysplasia. In all six 
cases, further corneal melting oc- 
curred after PK was performed and 
resulted in a second descemetocele or 
perforation. In five of the six cases, a 
repeated PK was performed (one pa- 
tient refused additional surgery), and 
was followed by continued corneal 
melting. Ultimately, two patients de- 
veloped phthisical eyes, two eyes un- 
derwent conjunctival flap, and two 
eyes were intact with a cloudy graft. 

Overall, PK was performed alone in 
28 cases, was combined with cataract 
extraction in 7 cases, and was per- 
formed with vitrectomy in 8 cases. In 2 
other cases, intraocular lenses had to 
be removed; in 1 emergent case, chor- 
oidal effusions were drained. 


COMMENT 


The results of this study confirm 
that the success of PK in the treatment 
of corneal perforations depends on the 
timing of surgery and the cause of the 
perforation.”*'* In our cases, delaying 
PK for at least 3 months after trau- 
matic corneal perforation signifi- 
cantly improved the chances for graft 
clarity (P < .05). Eight of the 10 grafts 
delayed 3 months following primary 
repair of corneal laceration have re- 
mained clear; 50% of these eyes have a 
visual acuity of 20/60 or better, and the 
others have a visual acuity between 
20/100 and 20/400, with the reduction 
due to amblyopia, macular edema, or 
macular degeneration. Several factors 
may account for the observed differ- 
ence in graft success for traumatic 
perforations in group 1 (emergent) vs 
group 4 (delayed 3 months). Severe 
trauma is generally associated with a 
marked degree of inflammation ini- 
tially. This associated inflammation 
may have adversely affected graft out- 
come. The traumatic corneal perfora- 
tions in eyes in group 4 that underwent 
primary repair were treated with top- 
ical steroids to decrease inflammation 
for at least 3 months prior to PK. An- 
other factor relates to the size and ex- 
tent of the corneal lacerations. It can 
be expected that larger lacerations 
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All cases 


(with their associated intraocular 
complications) would more frequently 
require emergent PK. Because of the 
retrospective nature of this study, 


~.. however, this variable could not be 
properly evaluated and analyzed. None 
= of the eyes with traumatic perfora- 
© tions had underlying infections or im- 

~~~ munologie disorders that could have 
affected graft outcome. 


Our success rates observed in de- 
layed PK for traumatic corneal perfo- 
ration compare favorably with those of 
Sharkey and Brown,” who described 
eight eyes with opaque corneas from 


<- healed corneal lacerations that under- 


went PK. The corneal grafts remained 
clear in all eyes and visual acuity im- 
proved to 20/50 or better in two of the 
eyes. 

In our study, all PKs performed on 
patients with corneal melting and per- 
: foration due to immunologic disorders 
- and associated ocular surface abnor- 
malities failed. Since further corneal 
melting and perforation occurred after 
the initial PK (independent of the 
timing of PK after perforation) and 
‘resulted in a repeated surgery and 
failure, it seems likely that the pri- 
mary immunologic processes contin- 
ued after PK. Keratoconjunctivitis 
= sicca and other ocular surface prob- 
lems associated with these immuno- 
logic disorders may also have ad- 
versely affected graft outcome. 
Kenyon'® emphasized the early ap- 


- plication of tissue adhesive in any 


noninfected, progressively thinning 
cornea prior to perforation. This seems 
like a rational approach, especially in 
view of the poor results of PK. Many of 
our patients had tissue adhesive placed 

prior to surgery, but only after perfo- 
ration had occurred. Perhaps earlier 
“application of tissue adhesive could 
have averted the need for PK. How- 
ever, our results suggest that if PK is 
performed for corneal perforation as- 
sociated with an underlying immuno- 
logic or ocular surface disorder, then 
graft outcome may be particularly 


*~ poor. 


Infections have frequently been 


7 -cited to be the most important under- 


-= lying factor associated with corneal 
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Group 1, Emergent 


1/11 (9) 


raft C Cia ity Rates, Cause of Perforation, and Ti iming of Penetra i 


Group 2, Urgent 
4/7 (57) 









4/9 (44) 


descemetoceles and _ perforations.** 
Fifty-six percent of the corneal perfo- 
rations in our study were associated 
with an infectious keratitis. While 
grafts in this category tended to re- 
main clear more frequently if surgery 
could be delayed (57% and 31% in 
groups 2 and 3, respectively) than if 
surgery were emergent (17%, group 1), 
the difference was not statistically 
significant. Additionally, it might be 
expected that the more severe and ex- 
tensive infections with larger perfora- 
tions would frequently require emer- 
gent PK. Due to the retrospective na- 
ture of the study, however, this 
variable could not be properly evalu- 
ated and analyzed. 

Others*"* have observed that emer- 
gent PKs in perforated eyes have 
higher rates of graft failure than do 
those performed several weeks to 
months after perforation occurs. Fos- 
ter and Duncan," in their study of PKs 
performed for herpetic keratitis, noted 
that all 16 grafts performed acutely 
for perforated corneal ulcers failed. 
Eighty-five percent of the eyes that 
had PKs performed secondarily, 6 to 24 
months after perforation, had clear 
grafts. These authors emphasized con- 
servative treatment of herpetic perfo- 
rations (tissue adhesive or patch 
graft), followed by intensive anti-in- 
flammatory therapy to achieve a quiet 
eye, maintenance of this quiescent 
state, and then PK to restore vision. In 
contrast, Patten et al’? reported a 60% 
success rate for immediate PKs in 
cases of acute herpetic corneal per- 
forations, and suggested intensive top- 
ical steroid treatment postoperatively 
to prevent synechiae and graft rejec- 
tion. 

Emergency PK may be necessary to 
restore anatomic integrity in large 
corneal perforations. However, in 
those cases in which temporizing mea- 
sures can be effectively used, our re- 
sults indicate that a reasonable rate of 
graft clarity can be achieved if PK can 
be delayed. Presently available alter- 
natives to acute PK include therapeu- 
tic contact lenses, lamellar keratoplas- 
ty, tissue adhesives, and primary cor- 
neal repair of traumatic perforations. 


No. (%) of Clear Grafts Following PK | oe 
je a E E A E E EEES AEEA 
Group 3, Intermediate 
4/13 (31) 





4/16 (25) 


* Eyes i in group 1 underwent PK less than 24 hours after corneal perforation; eyes in group 2 underwent PK within 2 to 6 days after corneal Tero anon eyes’ in ror 
3 underwent PK within 1 week to 2 months after corneal perforation; and eyes in group 4 underwent PK 3 months or more after corneal perforation: 




















Group 4, Delayed . 





8/ eo, : 








If the perforation is traumatic in na: 
ture, we recommend primary repair 
and delay of PK for at least 3 months 


This study was supported in part by Public. 
Health Service Core Center grant EY03040 from 
the National Eye Institute, National Institutes o 
Health, Bethesda, Md, and by a grant from - 
Research to Prevent Blindness Ine, New York, NY. i 
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Coryneform Endophthalmitis 


Two Case Reports 


James W. McManaway II, MD; Robert 5. Weinberg, MD; Philip E. Coudron, PhD 


= @ Recent clinical studies have empha- 
_ sized the importance of diphtheroids, pre- 
-viously regarded as nonpathogenic bacte- 
` ria or contaminants, as causes of ocular 
disease. We encountered two patients 
_with endophthalmitis following cataract 
< extraction and anterior chamber intraocu- 
lar lens implantation. Both patients had 
"previously been treated with subconjunc- 
-tival and/or oral corticosteroids for pre- 
sumed sterile endophthalmitis. Vitreous 
< cultures in each case yielded pure growth 
of a diphtheroid that was subsequently 


- identified as coryneform group A-4. The 


B clinical response to standard intraocular 
_ therapy with gentamicin and cefazolin was 


` delayed, although both patients eventually 
` had restoration of functional vision. A 
= comparison of the antibiotic minimum in- 


_ hibitory and minimum bactericidal concen- 
- trations of the isolates may help to explain 

- the delayed response to therapy seen in 

these two patients. 

{Arch Ophthalmol. 1990; 108:942-944) 


The family of coryneform bacteria 
i includes organisms from the gen- 
: era Corynebacterium, Brevibacteri- 
<- um, Arthrobacter, Cellulomonas, Cur- 
tobacterium, Microbacterium, Caseo- 
bacter, Rhodococcus, and Oerskovia; 


- many authorities also include Pro- 


ptonibacterium.' Corynebacterium 
diphtheriae’ and Propionibacterium 
acnes? are well-documented ocular 
-© pathogens. Microbiologists define 
-= diphtheroids as a group of gram-posi- 
tive pleomorphic rods in the coryne- 
form family that stain irregularly; 
=- they may be confused with C diph- 
- theriae.' Diphtheroids are ubiquitous 
in the environment and can be readily 
_ isolated from soil, water, and air. They 
- commonly colonize both plants and 
animals’ and are part of the normal 
_ skin and mucous membrane flora.’ 
- Previously regarded as nonpathogenic 


organisms or as contaminants, diph- 


< theroids are increasingly recognized 
as the cause of serious systemic’ and 
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ocular” diseases. 

This article presents the clinical his- 
tory and response to therapy of two 
patients with coryneform group A-4 
endophthalmitis, allowing further def- 
inition of the spectrum of diphtheroid- 
induced disease. Endophthalmitis 
caused by diphtheroids is exceedingly 
rare,“ although a report of one patient 
with coryneform group A-4 endoph- 
thalmitis exists," and a recent article” 
describes a patient who developed 
eoryneform endophthalmitis follow- 
ing penetrating keratoplasty with con- 
taminated donor material. 


REPORT OF CASES 


Two patients were found to have coryne- 
form group A-4 endophthalmitis after in- 
tracapsular cataract extraction with im- 
plantation of Surgidev Leiske-style ante- 
rior chamber lenses. 

CasE 1.—A 66-year-old white woman 
who had had bilateral intracapsular cata- 
ract extractions underwent an uncompli- 
cated secondary intraocular lens implanta- 
tion in one eye 7 years later. On the fourth 
postoperative day, her visual acuity was 
20/60 with 1+ anterior chamber cells and 
fiare. On postoperative day 10, she devel- 
oped pain and redness in the eye that had 
been operated on. Her visual acuity was 
hand motions only, and the vitreous humor 
was cloudy. The patient was treated with 
500 mg of oral penicillin V potassium four 
times daily. Topical prednisolone acetate 
therapy, started on postoperative day 1, 
was increased to every 2 hours. The exam- 
ination findings were unchanged on day 16; 
penicillin therapy was stopped, and 3 mg of 
subconjunctival betamethasone sodium 
phosphate was given. The examination 
findings were unchanged 2 weeks later; 
treatment with 100 mg of oral prednisone 
every other day was started, and an addi- 
tional injection of betamethasone was 
given. Over the next 10 days, a hypopyon 
developed with loss of the red reflex, and the 
patient was referred to one of us (R.S.W.) 
for treatment. 

Examination on postoperative day 40 
showed hand motions visual acuity, con- 
junctival injection hyperemia (3+), multi- 
ple keratic precipitates, and anterior cham- 
ber cells and flare (4+). The vitreous humor 
showed stringy white debris with a white 
fundus reflex. The patient underwent a pars 
plana vitrectomy, and material was ob- 
tained for bacterial, fungal, and mycobac- 
terial cultures. Two hundred micrograms of 
gentamicin sulfate and 2.25 mg of cefazolin 
sodium were injected into the vitreous cav- 
ity and 20 mg of gentamicin sulfate was 
given subconjunctivally. The patient was 
also started on intravenous therapy with 80 
mg of gentamicin sulfate every 8 hours and 





500 mg of cefazolin sodium every 6 hours. 
Three days after initiation of antibiotic 
therapy, the patient’s visual acuity was 20/ 
100 with the anterior chamber reaction un- 
changed; the vitreous humor was still hazy. 
The microbiology laboratory reported 
heavy growth of diphtheroidlike organisms 
in pure culture, but final identification and 
antibiotic sensitivities were not available. 
Visual acuity on the sixth day of treatment 
was 20/200 with cells and flare (8+) in the 
anterior chamber and vitreous cells (3+). 
Antibiotic sensitivities, delayed because of 
slow growth of the organism on secondary 
cultures, became available on the ninth day. 
The disk-diffusion method demonstrated 
sensitivity to all antibiotics tested, includ- 
ing penicillin, gentamicin, and cefazolin. 

On day 10, the examination results were 
unchanged; the administration of intrave- 
nous gentamicin and cefazolin was discon- 
tinued and treatment with 250 mg of oral 
penicillin V potassium every 8 hours was 
started. Topical prednisolone acetate solu- 
tion was also restarted. At discharge on day 
18, the patient’s visual acuity was 20/70 
with anterior chamber cells and flare (3+) 
and vitreous cells (8+). Oral penicillin 
treatment was continued for 2 weeks. 

There was gradual clearing of the ante- 
rior chamber and vitreous inflammation. 
The patient’s visual acuity was 20/30 sev- 
eral months later. The organism was iden- 
tified by the microbiology laboratory and 
confirmed by the Centers for Disease Con- 
trol, Atlanta, Ga, as coryneform group 
A-4. 

CASE 2.—An 83-year-old white woman 
underwent uncomplicated intracapsular 
cataract extraction and anterior chamber 
intraocular lens implantation in the left 
eye. Twelve weeks after surgery, her visual 
acuity was 20/30 with a clear anterior 
chamber and vitreous cavity. Two exposed 
sutures were noted. During the 16th post- 
operative week, the patient developed in- 
termittent pain and gradual visual loss in 
the eye that had been operated on. Her vi- 
sual acuity was hand motions, with cells 
and flare (3+) in the anterior chamber and 
a hazy vitreous humor, She was treated 
with subconjunctival dexamethasone so- 
dium phosphate for presumed sterile en- 
dophthalmitis, and an exposed limbal su- 
ture was removed. Her visual acuity im- 
proved to 20/300 but subsequently fell to 
light perception with a hypopyon by post- 
operative week 17. She was treated with 
daily subconjunctival dexamethasone for 7 
days. The hypopyon cleared, but because of 
persistent vitreous clouding, she was re- 
ferred to one of us (R.S.W.) for treat- 
ment. 

Examination during postoperative week 
18 revealed 20/300 visual acuity, diffuse 
corneal endothelial dusting, anterior cham- 
ber cells and flare (3+), a i-mm hypopyon, 
vitreous cells (8+), dense white vitreous 
opacifications, and a pale red reflex (Fig- 
ure). The patient underwent a pars plana 
vitreous aspiration; material was taken 
from the area of the vitreous densities for 


bacterial and fungal cultures. Intravitreal — 


injections of 400 ug of gentamicin sulfate 
and 2.25 mg of cefazolin sodium, as well as 
subconjunctival injections of 20 mg of gen- 


ies 
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Anterior segment demonstrating small hy- 
popyon (arrow) in patient with coryneform 
group A-4 endophthalmitis. 


tamicin sulfate and 100 mg of cefazolin so- 
dium, were given. Intravenous therapy with 
80 mg of gentamicin sulfate every 8 hours 
and 500 mg of cefazolin sodium every 8 
hours was started. Gram’s stain of the vit- 
reous specimen showed rare gram-variable 
rods. 

The patient showed little improvement 
over the next several days with a visual 
acuity of counting fingers at 30 cm and a 
1-mm hypopyon. The microbiology labora- 
tory reported moderate growth of a gram- 
positive pleomorphic rod 48 hours after re- 
ceiving the vitreous specimen. Cefazolin 
dosage was increased to 1 g intravenously 
every 6 hours on day 4. On day 7, antibiotic 
sensitivity studies by the disk-diffusion 
method showed the organism to be sensi- 
tive to all antibiotics tested, including pen- 
icillin, cefazolin, and gentamicin. The or- 
ganism from the vitreous specimen was 
also identified as coryneform group A-4. 

On day 8, intravenous antibiotic therapy 
was stopped. Treatment with 500 mg of oral 
penicillin V potassium four times daily and 
topical prednisolone acetate was started 
and continued for 2 weeks. Over the next 
several days, the patient showed gradual 
improvement with increasing visual acuity 
and decreasing vitreous haze. Visual acuity 
on day 12 was 20/400 with anterior chamber 
cells and flare (2+), no hypopyon, and min- 
imal vitreous haze. Three months after vit- 
reous aspiration, the visual acuity was 20/ 
50 with a clear anterior chamber and vitre- 
ous cells (1+). 


COMMENT 


Diphtheroids are ubiquitous in the 
environment and are part of the nor- 
mal flora of skin, mucous membranes,’ 
and conjunctivae.'’ Therefore, they 
may contaminate clinical specimens 
sent to the microbiology laboratory.’ 
When isolated, diphtheroids are usu- 
ally dismissed by microbiologists as 
contaminants. In addition, some spe- 
cies of Corynebacterium grow more 
slowly than routine clinical isolates.” 
Consequently, the culture media may 
be discarded prematurely unless spe- 
cial instructions accompany the speci- 
men. In both of our patients, however, 
coryneform group A-4 bacteria were 
isolated in large numbers on the pri- 
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Antibiotic Sensitivities of Coryneform Group A-4 Organisms Isolated From Human 
Vitreous * 


Minimum Inhibitory 
Concentration, mg/L 


ee arn oOo’. 
Gentamicin 
Sulfate 


Cefazolin 
Sodium 


Penicillin 
G Sodium 


0.0975 
0.0975 


* From Coudron et al.2° 


Patient 





mary agar media and in the broth me- 
dia in pure culture. These findings 
strongly suggest that our isolates were 
true pathogens and not contaminants. 

A recent report” decribes diphthe- 
roids as the causative agent in eight 
patients with bacterial keratitis. Since 
diphtheroids are part of the normal 
conjunctival flora in 7% of individ- 
uals,” factors that compromised the 
corneal surface may have predisposed 
these patients to develop bacterial 
keratitis. Diphtheroids have similarly 
been reported as the causative agent in 
endocarditis, meningitis, pneumonia, 
and cutaneous infections,’ generally 
in immunocompromised patients. 

The two cases reported herein ex- 
pand the spectrum of diphtheroid-in- 
duced ocular disease and demonstrate 
important points regarding the diag- 
nosis and treatment of patients pre- 
senting with unexpected postoperative 
intraocular inflammation. First, both 
patients presented with delayed en- 
dophthalmitis following surgery. Pa- 
tient 1, presumably infected from her 
conjunctival flora at the time of or 
shortly after surgery, developed pain 
on postoperative day 10 and a hy- 
popyon on postoperative day 40. Pa- 
tient 2, possibly infected by an exposed 
suture, developed pain during postop- 
erative week 16 and a hypopyon during 
postoperative week 17. This indolent 
presentation contrasts distinctly with 
the abrupt onset and progressive 
course of typical bacterial endoph- 
thalmitis.'* It is certainly comparable 
with the course of patients infected 
with other slow-growing organisms or 
patients having “sterile” endoph- 
thalmitis.’® The prevalence of diphthe- 
roids in the conjunctiva, and the dem- 
onstration that these bacteria can 
cause an atypical endophthalmitis, un- 
derscores the importance of diagnostic 
intraocular cultures in eyes with a re- 
cent history of an intraocular proce- 
dure that have persistent severe in- 
flammation. 

Second, many systemic and ocular 
diphtheroid infections are associated 
with locally” or systemically”! immu- 
nocompromised and/or elderly pa- 
tients; both of our patients were el- 


Minimum Bactericidal 
Concentration, mg/L 
—_  -—“_— ro 


Penicillin Cefazolin Gentamicin 


derly. Patient 1 had no identifiable 
factors predisposing to infection; pa- 
tient 2 had an exposed suture as well as 
non-insulin-dependent diabetes melli- 
tus. It is important to note that both 
patients received  subconjunctival 
and/or oral steroid therapy prior to 
adequate antibiotic therapy shortly 
after becoming symptomatic. The use 
of corticosteroids in this setting for a 
presumptive, rather than proved, di- 
agnosis of “sterile” endophthalmitis 
may have contributed to the worsening 
clinical status of both patients. 

Third, both patients had a delayed 
response following standard therapy 
for endophthalmitis with intravitreal/ 
subconjunctival/intravenous genta- 
micin and cefazolin. Neither patient 
showed clinical improvement until 10 
days after the initiation of antibiotic 
therapy. This may be explained by ex- 
amining the minimal inhibitory anti- 
biotic concentration and minimal bac- 
tericidal antibiotic concentration 
(MBC) data obtained by Coudron et al” 
(Table) for these two isolates. The 
minimum inhibitory concentration is 
the lowest antibiotic concentration re- 
quired to prevent visible turbidity in 
inoculated broth after overnight incu- 
bation. The MBC is the antibiotic con- 
centration needed to effect a 99.9% re- 
duction in the initial inoculum in 24 
hours as measured by colony counts. 
Antibiotic concentrations greater 
than the MBC are required to kill, 
rather than just inhibit, the patho- 
genic organism. 

Comparison of the MBC of our iso- 
lates with attainable serum antibiotic 
concentrations from intravenous dos- 
ing and with attainable intravitreous 
antibiotic concentrations from intra- 
vitreal injection yields the following: 

1. A typical intravenous dose of 1 
mg/kg of gentamicin sulfate in a pa- 
tient with normal renal function will 
give a serum peak level of 4 to 9 mg/L, 
which will result in a peak concentra- 
tion of less than 0.8 mg/L in the aque- 
ous fluid and even less in the vitreous 
gel.” The gentamicin concentration in 
the vitreous gel attained by intrave- 
nous administration is well below the 
25- to 50-mg/L MBC of our isolates. 
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2. An injection of 200 to 400 ug of 

gentamicin into a 4-mL vitreous vol- 
ume will provide a peak level of 50 to 
100 mg/L, which is marginally above 
the MBC of 25 to 50 mg/L. The dura- 
tion of gentamicin concentration 
_ greater than 50 mg/L is unknown but 
could conceivably be as short as 10 
_ hours if the half-life reported by Kane 
< et al” in inflamed rabbit eyes can be 
. extrapolated to inflamed human 
eyes. 
- 3. A typical intravenous dose of 500 
~ to 1000 mg of cefazolin sodium will give 
~-a serum peak level of 30 to 110 mg/L, 
which will result ina peak concentra- 
‘tion of less than 0.6 mg/L in the aque- 
ous fluid and even less in the vitreous 
_ gel The cefazolin concentration in 
- the vitreous gel attained by intrave- 
-nous administration is well below the 
_ 25-mg/L MBC of our isolates. 

4. An injection of 2.25 mg of cefazo- 
lin sodium into a 4-mL vitreous volume 
will provide a peak level of 562 mg/L, 
- which is well above the MBC of 25 mg/ 
- L. This antibiotic concentration may 

-be above the MBC of our isolates for a 

_ duration as short as 24 hours if the 
- pharmacokinetics of cefazolin in in- 
flamed human eyes parallels that in 
inflamed rabbit eyes as reported by 
Fisher et al.” 

5. Five hundred milligrams of oral 

- penicillin V potassium will give a se- 
rum peak level of 3.0 mg/L,” but the 
peak level in the vitreous gel is much 
less* and below the 0.78- to 1.56-mg/L 
MBC of our isolates. 
The above vitreous antibiotic con- 


© centrations obtained from intravenous 


antibiotic administration assume sin- 
gle doses. As Martin et al” recently 
pointed out, intravenous antibiotics 
are administered in multiple doses to 
patients with inflamed eyes. The in- 
_ travitreal antibiotic concentration 
- achieved may be higher than that in- 
dicated by the single-dose figures but is 
_ probably still below the MBC of our 
isolates. 

A large, clinically significant dis- 
crepancy exists between the minimum 
inhibitory concentration and MBC for 
- all three antibiotics: by a factor of 8 to 
-.16 for penicillin, 16 to 32 for gentami- 
ein, and 128 for cefazolin (Table). The 
 disk-diffusion method provides antibi- 
_ otic sensitivities that correlate with 
-the minimum inhibitory concentration 
and contrast sharply with the MBC 
data, Because all choices of antibiotic 
< therapy ultimately depend on appro- 
. priate determination of the sensitivity 
_of the organism and the ability to de- 
liver effective antibiotic concentra- 
-tions to the site of infection, the anti- 
biotic sensitivity data available to us 
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while our patients were hospitalized 
were somewhat misleading and inade- 
quate. Thus, we recommend obtaining 
and using MBC data to select antibiot- 
ics for patients with clinically unre- 
sponsive infections. Additionally, if 
the organism has a high MBC, we rec- 
ommend considering additional intra- 
vitreal antibiotic injections in patients 
with unresponsive infections because 
the half-life of the injected antibiotics 
in inflamed eyes may be such that a 
therapeutic antibiotic concentration 
may be present for an unexpectedly 
short duration. 

The two cases of delayed endoph- 
thalmitis presented in this article have 
important similarities to and differ- 
ences from recent reports of delayed 
endophthalmitis caused by P acnes.** 
The similarities include delayed onset 
of endophthalmitis after intraocular 
lens implantation and the presence of 
the infecting organism as part of the 
normal lid or conjunctival bacterial 
fiora.” Additionally, morphologic con- 
fusion between propionibacteria and 
corynebacteria exists because both 
are pleomorphic, gram-positive, non- 
spore-forming bacilli.“ Differences in 
clinical presentation include the asso- 
ciation of extracapsular cataract ex- 
traction and retained lens cortex with 
Propionibacterium infections, while 
both of our patients with coryneform 
group A-4 infections had undergone 
intracapsular cataract extraction. The 
only previous report of coryneform 
group A-4 endophthalmitis was in a 
patient with metallic intraocular for- 
eign body.” Propionibacterium acnes 
and coryneform group A-4 are differ- 
entiated by their oxygen tolerance; 
propionibacteria are anaerobes and 
corynebacteria are aerobes.** Defini- 
tive identification requires analysis of 
cell-wall components by a reference 
laboratory, as was done in our investi- 
gation. 


The authors have no commercial or proprietary 
interest in Surgidev Leiske-style intraocular 
lenses. 
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@ We evaluated the topography of 399 
norma! corneas in 212 subjects with com- 
puter-assisted videokeratography. The 
mean subject age was 37 years (range, 8 

to 79 years). Mean spherical equivalent 
refraction was -—1.00 diopters (range, 
+5.50 to —8.37 diopters). A qualitative 
~ classification system for corneal topogra- 
= phy was derived based on patterns seen 
.- on color-coded topographic maps. Cor- 
© neas were classified into groups by three 
| K independent masked ophthalmologists 
: -based on this system. Patterns included 
“. found (22.6%), oval (20.8%), symmetric 
bow tie (17.5%), asymmetric bow tie 
(32.1%), and irregular (7.1%). All corneas 
were steeper centrally and flatter periph- 
erally. There was a statistically significant 
difference among patterns for keratomet- 
tic astigmatism, but not for spherical 
equivaient refraction, mean keratometric 
power, or age of subject. Classification of 
normal corneal topography is an important 
; step in the process of characterizing the 
“# shape of normal and pathologic corneas. 
E (Arch Ophthalmol. 1990; 108:945-949) 









he analysis and description of 
corneal topography is receiving 
more interest as corneal surgical pro- 
cedures become more refined.'* Meth- 
ods of measuring and describing cor- 
neal power and topography include 
keratometry, keratoscopy, photokera- 
tography, computer-assisted video- 
keratography, interferometry (ho- 
lography, moire fringes), and raster- 
stereography.”” 
fone Computer-assisted videokeratogra- 
<o “> phy combines concentric ring keratos- 
-<= ċopy with analysis by computer pro- 
grams to produce a high-resolution 
representation of corneal topog- 
raphy." The computer calculates the 
- dioptric power and radius of curvature 
~ at hundreds of points on the anterior 
corneal surface based on a single video 
image of keratoscopic rings reflected 
from the corneal surface. A graphic 
presentation of this information can 
be generated in the form of a color- 
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coded topographic map. One such sys- 
tem, the Corneal Modeling System 
(Computed Anatomy Inc, New York, 
NY) is accurate to within 0.25 diopters 
for measuring calibrated steel test 
balls,” and is precise to within 0.5 D in 
76% of measurements on human cor- 
neas for rings 2 through 13.” 

Classic descriptions of normal cor- 
neal topography have arbitrarily par- 
titioned the cornea into four surface 
zones: central (optical), paracentral, 
peripheral (transitional), and lim- 
bal.'*’ However, these zones are really 
only conceptual anatomic divisions 
that have not been well defined topo- 
graphically. Based on keratometric 
and keratoscopic data, we know that 
the cornea has an aspheric, radially 
asymmetric anterior surface, and that 
the size, shape, and position of the as- 
sumed central “spherical zone,” as well 
as the rate and amount of peripheral 
flattening, are highly variable.'**' 
Computer-assisted videokeratography 
now makes it possible to describe 
quantitatively the entire corneal sur- 
face in one measurement and to eval- 
uate corneal topography qualitatively, 
as we did in this study. The increased 
resolution, compared with multiple 
measurements with a keratometer or 
the selective measurements on photo- 
keratographs, allows a more detailed 
analysis of corneal topography. 

Asa basis for understanding normal 
and pathologic corneas,””’ a thorough 
analysis of the spectrum and variabil- 
ity of normal topography is necessary. 
Herein, we classify qualitatively the 
topography of 399 normal corneas in 
212 subjects evaluated with computer- 
assisted videokeratography. Corneal 
topographic patterns are correlated 
with age, sex, and keratometric and 
refractive data. 


SUBJECTS AND METHODS 
Selection of Subjects 


We analyzed prospectively 409 normal 
corneas of 217 subjects. Subjects included 
friends and relatives accompanying pa- 
tients to the Emory Eye Center, Atlanta, 
Ga, college students, employees at the 
Emory Eye Center, and patients with nor- 
mal corneas. Five subjects were excluded 
from analysis because of poor-quality kera- 
tographs, usually due to deeply set orbits or 
a narrow palpebral fissure. Therefore, 399 
videokeratographs from 212 subjects were 
obtained. 


Classification of Normal Corneal Topography 
Based on Computer-Assisted Videokeratography 


Stephen J. Bogan, MD; George O. Waring III, MD; Osama Ibrahim, MD; 


Criteria for entry into the study included. 
(1) no history of ocular surgery, (2) no slit- 
lamp microscopie evidence of trauma. or- 
corneal disease, (3) best-corrected visual- 
acuity of 20/100 or better to allow adequate. 
fixation, (4) regular keratometer mires, and. 
(5) no history of contact lens wear. Recruit-. 
ment was neither formally randomized nor 
consecutive, because we attempted to ex- 
amine patients from all age groups with a- 
wide range of refractive errors. We did not 
attempt to analyze a true demographic 
cross-section of the population. a 


Methods of Clinical Examination 


All subjects underwent the following 
routine examination by a corneal fellow. or 
a certified ophthalmic technician: (1) demo- 
graphie and ocular history, (2) slit-lamp 
microscopy (Haag-Streit Ag, Liebefeld; 
Switzerland), (3) manifest refraction (fog-. 
ging technique), (4) keratometry (Bausch & - 
Lomb, Rochester, NY), and (5) videokera- - 
tography (Corneal Modeling System, Com- 
puted Anatomy Inc). 

Informed consent was obtained from all 
subjects used in this study. 

Applanation tonometry was not per- 
formed prior to keratography. No artificial- 
method for widening the palpebral fissure. 
(such as an eyelid speculum) was used. 


Technique of Videokeratography 


The Corneal Modeling System consisted _ 
of (1) a keratoscope that projected 32 rings 
onto the anterior corneal surface, (2) a 
scanning helium neon laser slit beam for 
alignment, (3) a real-time, digital video 
monitoring system, and (4) a computer that 
digitized and processed keratographs using 
proprietary algorithms and computer 
programs. >85 

Keratographs were taken as follows: (1) 
A drop of artificial tears was instilled into 
the inferior fornix to ensure an adequate 


tear film. (2) The subject placed his or her _ 


eye as close as possible to the examination 
cone, keeping both eyes widely open, and ` 
avoiding blinking while pictures were being 

taken. Subjects were instructed to blink 
freely at other times. (3) The technician re- 
peatedly reminded the subject to fixate on- 
the pinpoint light at the end of the exami- | 
nation cone. (4) Proper alignment was 
achieved when images of the two laser slit 


beams overlapped at the fixation pointona — 


properly focused video screen image of the | 
cornea. (5) Four keratographs weretakenof — 
each eye and were reviewed to ensure good _ 
quality before being stored in the computer: | 
memory. Poor-quality keratographs were - 


deleted and repeated. (6) One keratograph | 


of each eye was chosen to be processed by 
the computer based on the following erite- 
ria: the least eyelid shadow to allow pro- 
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Fig 1.—Five qualitative patterns of corneal topography based on computer-assisted videokeratography us- 
ing the normalized scale. Criteria for each pattern are listed in the text. Top left, round; top center, oval; top 
right, symmetric bow tie; bottom left, asymmetric bow tie; and bottom center, irregular. Bottom right, In the 
normalized scale the range of dioptric power represented by each color varies among eyes depending on 
the degree of corneal asphericity. 


cessing of as many rings as possible, proper 
centration, proper focusing with thin regu- 
lar continuous rings that covered the cor- 
nea from limbus to limbus, and absence of 
any dry spots (discontinuous rings) or ex- 
cess pooling of tears along the inferior lid 
margin. (7) After processing, the kerato- 
graphs were displayed graphically as color- 
coded maps. A picture (Polaroid Corp, Cam- 
bridge, Mass) was taken of the color-coded 
map for each eye using the normalized 
scale. In this scale, all 11 available colors 
were used in each keratograph regardless of 
the range of dioptric powers across the cor- 
nea (Fig 1, bottom right). In most cases, this 
resulted in 0.2- to 0.3-D steps between 
adjacent colors. Therefore, areas with the 
same color represent areas with equal di- 
optric powers +0.1 D. 


Derivation of Qualitative Topography 
Classification System 


Since there was no existing method for 
classifying corneal topographic maps, we 
derived a classification system as follows. 
Three ophthalmologists (S.J.B., G.O.W., 
and O.I.) reviewed independently and qual- 
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Symmetric 
Bow Tie 





Asymmetric Unclassifiable 


Bow Tie 


Fig 2.—The five patterns recognized in color-coded topographic maps of normal eyes probably 


form a continuum. 


itatively described the topographic pat- 
terns seen on the first 112 consecutive col- 
or-coded keratographs. All keratographs 
were described based on the configuration 
of the predominant pattern of 1 of the mid- 
dle 4 of 11 colors depicted (brown, tan, gold, 
and yellow). The pattern of the red zone and 
colors peripheral to the yellow zone were 
not used for classification. The intermedi- 
ate colors were used for two reasons: (1) al- 
though there was variability in the area of 


the cornea covered by these colors, they 
usually corresponded to the central and 
paracentral region of the cornea, which is 
the optically important area of the cornea; 
and (2) this is the area of the cornea for 
which measurements taken by the Corneal 
Modeling System are most accurate." The 
red color was not used for pattern reading 
because of the high incidence of incomplete 
or indistinguishable patterns in the red 
zone. Peripheral colors (blue, green) were 
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Fig 3.—Classification of bow tie patterns as 
symmetrical or asymmetrical was based on the 
specific ratios discussed in the text. Xo indi- 
cates the distance across the central constric- 
tion; X, and X,, the longest distances across 
each half of the bow tie pattern measured per- 
pendicular to the long axis of the pattern; and 
Y, and Y,, the longest distances measured 
from the central constriction to either edge of 
the bow tie. 


not used for classification because these 
color zones were nearly always round or 
oval in configuration regardless of the cen- 
tral pattern (eg, Fig 1). 

The three ophthalmologists compared 
their qualitative descriptions of patterns 
and identified five characteristic patterns 
that described all keratographs: round, 
oval, symmetric bow tie, asymmetric bow 
tie, and irregular (Fig 1). The separation of 
patterns seen on color-coded topographic 
maps into discrete groups was an arbitrary 
decision, because the range of topographic 
patterns in the population of normal cor- 
neas probably forms a continuum (Fig 2). 
Moreover, because the classification system 
is qualitative, it is subject to the bias of in- 
terpretation. We minimized interpretation 
bias by (1) defining objective criteria (de- 
tailed in the “Results” section) for inclusion 
of keratographs into groups, and (2) having 
three independent observers classify the 
keratographs. 

The following objective criteria defined 
the categories used for classification (Figs 1 
to 3): 


1. Round: The ratio of the shortest to the 
longest diameter at the color zone chosen 
for pattern reading was 2/3 or more. 

2. Oval: The ratio of the shortest to the 
longest diameter at the color zone chosen 
for pattern reading was less than 2/3. 

3. Symmetric bow tie: (a) There was a 
central constriction in the outline of the 
color zone identified for pattern reading; (b) 
as demonstrated in Fig 3, the ratio X,/X, or 
X,/X; is 1/3 or less; and (c) the ratios X,/X, 
and Y,/Y, are 2/3 or more, where Y repre- 
sents the radius of the long axis of the bow 
tie and X represents the diameter of each 
half of the bow tie perpendicular to the long 
axis. 

4. Asymmetric bow tie: Criteria a and b 
for symmetric bow tie are met; one or both 
of the ratios described in criterion c for 
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| Table 1.—Demographic and Refractive Data for 216 Normal Eyes* 


Variable Mean + SD (Range) 


Age, y 

No. of female/male patients 
Spherical equivalent refraction, D 
Refractive cylinder, D 

Mean keratometry, D 


Keratometric astigmatism, D 


37.1 + 13.6 (8 to 79) 

134/78 

— 1.00 + 2.02 (+5.5 to —8.37) 
0.48 + 0.77 (0 to 5.0) 

43.97 + 1.54 (39.50 to 49.37) 
0.80 + 0.70 (0 to 4.50) 





* D indicates diopters. 


Table 2.—Distribution of Qualitative Topographic Patterns in 216 Normal Eyes 


Keratographic Pattern * 
Round 


Oval 

Symmetric bow tie 
Asymmetric bow tie 
Irregular 


No. (%) of Corneas 


48 (22.6) 
44 (20.8) 
37 (17.5) 
68 (32.1) 
15 (7.1) 





* The normalized scale was read at the middle four colors (brown, tan, gold, and yellow). 


symmetric bow tie was less than 2/3. 
5. Irregular: No clear pattern could be 
identified according to the above criteria. 


The three ophthalmologists then exam- 
ined keratographs of the 399 corneas inde- 
pendently, placing each in one of the five 
groups. The agreement or disagreement 
among the examiners was recorded. The 
ophthalmologists then met and reviewed 
the 399 keratographs to arrive at a final 
classification. When there was disagree- 
ment, keratographs were assigned to the 
classification on which at least two of the 
three observers agreed. 


Statistical Analysis 


Since corneal topographic patterns for 
each eye of the same subject may not be in- 
dependent, we elected to use one eye from 
each subject for statistical analysis. The 
eye was chosen using a random number ta- 
ble. Statistical analysis was performed us- 
ing statistical software (BMDP Statistical 
Software, Los Angeles, Calif). Nonpara- 
metric analysis of variance was conducted 
using the Kruskal-Wallace and Mann- 
Whitney tests. 


RESULTS 


Three hundred ninety-nine normal 
corneas of 212 subjects were examined 
with the Corneal Modeling System. 
Both eyes were examined in 197 sub- 
jects and one eye in 15 subjects. Table 
1 shows the demographic and refrac- 
tive data for 212 subjects (one eye from 
each subject). 

The first independent classification 
of the color-coded maps resulted in 
each ophthalmologist identifying the 
same pattern for 82.7% of the kerato- 
graphs; two of three ophthalmologists 
identified the same pattern for 99% of 
the keratographs. After the second re- 
view of the color-coded maps there was 
unanimous agreement about pattern 
classification for 90%, and at least two 
of three ophthalmologists agreed on 


100%. There were 48 corneas with a 
round pattern (22.6% ), 44 with an oval 
pattern (20.8% ), 37 with a symmetric 
bow tie pattern (17.5%), 68 with an 
asymmetric bow tie pattern (32.1%), 
and 15 with an irregular pattern 
(7.1%) (Table 2). All corneas were 
steeper centrally and flattened para- 
centrally and peripherally, that is, 
they had a prolate or positive shape 
factor. 

There were no statistically signifi- 
cant differences among any of the five 
patterns for age, sex, left or right eye, 
spherical equivalent refraction, or 
mean keratometric power. 

Keratometric and refractive astig- 
matism were the only variables that 
showed a statistically significant dif- 
ference among patterns (Table 3 and 
Fig 4). There was no significant differ- 
ence in keratometric astigmatism be- 
tween the round and oval patterns 
(P = .60); however, the bow tie pat- 
terns were significantly different from 
each other (P = .002) and from the 
round and the oval patterns (P= 
.0001), with the symmetric bow tie 
pattern having the greatest and the 
round pattern having the least mean 
astigmatism. The unclassifiable pat- 
tern did not show a statistically sig- 
nificant difference in keratometric 
astigmatism from any of the other 
patterns except the symmetric bow tie 
pattern. The results were similar for 
refractive astigmatism except that the 
asymmetric bow tie pattern did not 
show a statistically significant differ- 
ence from the round or oval patterns. 

Fifty-five (75.3% ) of 73 eyes with 1 D 
or more of keratometric astigmatism 
were classified as having a symmetric 
or asymmetric bow tie pattern. Fifty 
(36% ) of 139 eyes with less than 1 D of 
keratometric astigmatism were also 
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Table 3.—Relationship of Keratometric and Refractive Astigmatism 
With Topographic Pattern in 216 Eyes* 


Keratometric Astigmatism 
= ce—-—+_ * ———_. a ~-  _$__$_?{‘ _——"—_~. 
% =1.00 D 


Keratographic 
Patternt 


_— 


Mean + SDD 
0.47 + 0.34 
0.57 + 0.30 
1.40 + 0.98 
0.89 + 0.70 
0.64 + 0.53 


sameeren bow tie 
Asymmetric bow tie 
Irregular 


Refractive Astigmatism 


Mean + SDD 
0.28 + 0.39 
0.26 + 0.41 
1.00 + 1.20 
0.47 + 0.78 
0.53 + 0.51 


% — 





* One eye from each subject was studied. D indicates diopters. 
tThe normalized scale was read at the middle four colors (brown, tan, gold, and yellow). 


% of Eyes 





Keratometric Astigmatism, D 


Fig 4.—The relationship between keratometric astigmatism and topographical pattern shows the 
symmetric (squares) and asymmetric (diamonds) patterns to be skewed toward greater amounts 
of astigmatism. There is no statistically significant difference in astigmatism between the round 
(circles) and oval (triangles) patterns (P = .60); however, the bow tie patterns were statistically 
different from each other (P = .002) and from the round and oval patterns (P < .0001). D indi- 


cates diopters. 


classified as having a bow tie pattern. 

If both eyes from each subject were 
considered, there were 197 paired eyes. 
One hundred eighteen subjects (60% ) 
had right and left eyes classified into 
the same group. If the round and oval 
patterns are considered as one group, 
and the symmetric and asymmetric 
patterns are considered as one group, 
79% had both eyes classified into the 
same group. 


COMMENT 


The major purpose of this study was 
to develop a qualitative classification 
system for normal corneal topography 
based on the patterns seen on color- 
coded videokeratographs of a series of 
corneas in emmetropic and ametropic 
eyes across a range of ages. Knoll” was 
the first to propose a classification 
system for normal corneal topography 
in emmetropic subjects using photo- 
keratoscopic data. He classified cor- 
neas into four groups based on central 
asymmetry and amount of peripheral 
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flattening along the horizontal meri- 
dian. Knoll’s group A was symmetric 
centrally and had less than 2 mm of 
peripheral flattening; group B was 
symmetric centrally and had greater 
than 2 mm of peripheral flattening; 
group C was asymmetric centrally and 
had less than 2 mm of peripheral flat- 
tening; and group D was asymmetric 
centrally and had greater than 2 mm of 
peripheral flattening. Since measure- 
ments were taken only along the hor- 
izontal meridian, radial asymmetry in 
astigmatic corneas could have been 
missed entirely. Dingeldein and 
Klyce* evaluated a series of 24 emme- 
tropic eyes using the Louisiana State 
University, New Orleans, computer- 
assisted topographic system, which re- 
lies on manual digitization of photo- 
keratographs. They found a wide vari- 
ation in topographic patterns among 
subjects, but did not attempt to cate- 
gorize or classify these patterns. 

In this report, we propose a qualita- 
tive system for classifying corneal to- 


pography. Careful description of nor- 
mal corneal topography is important 
for many reasons: (1) to systematically 
describe and characterize the variabil- 
ity of normal corneal topography; (2) 
to develop a basis for the interpreta- 
tion of color-coded keratographs of the 
cornea; (3) to develop a framework for 
differentiating pathologie corneal to- 
pography from variants of normal cor- 
neal topography; (4) to facilitate in- 
vestigation of the relationship be- 
tween normal corneal topography and 
the effects of corneal surgical proce- 
dures such as radial and transverse 
keratotomy; and (5) to understand the 
relationship between corneal topogra- 
phy, refractive error, and visual acu- 
ity. 

We found four common topographic 
patterns—round, oval, symmetric bow 
tie, and asymmetric bow tie—and a 
group of corneas with no readily de- 
scribed pattern (irregular). Of the 
variables we looked at, only astigma- 
tism correlated with the classification 
patterns. 

Interestingly, we did not detect a 
statistically significant difference in 
astigmatism between the round and 
oval patterns, each having a mean 
keratometric astigmatism of about 0.5 
D. Why does the increased radial 
asymmetry in the corneal radius of 
curvature represented by the oval pat- 
tern not translate into clinically sig- 
nificant astigmatism? One explana- 
tion might be that the area of the cor- 
nea measured by the keratometer 
(central 3 to 4 mm) or by refraction 
(the entrance pupil) was within the 
central area, so that paracentral oval- 
ity was not detected. 

As expected, the bow tie patterns, 
both symmetric and asymmetric, hada 
statistically significant and clinically 
meaningful greater amount of astig- 
matism than the round and oval pat- 
terns. Somewhat surprising, however, 
was the difference in astigmatism be- 
tween the symmetric bow tie and the 
asymmetric bow tie patterns, which 
was highly significant for both refrac- 
tive and keratometric astigmatism. 
Possible explanations for the occur- 
rence of the asymmetric bow tie pat- 
tern include (1) eccentric fixation, (2) 
different locations of the corneal apex 
and the intersection of the visual axis 
with the cornea, (3) radial asymmetry 
in the rate of change of corneal radius 
of curvature, and (4) contact lens 
wear. Whatever the explanation, the 
nature of their relationship to astig- 
matic refractive error is difficult to de- 
termine. It has been suggested that an 
asymmetric bow tie pattern may rep- 
resent a forme fruste of keratoconus in 
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-some cases. We found no evidence of 


keratoconus in any of our subjects and 
do not think that this pattern can be 
used as a reliable indicator of early 
keratoconus. 

The 55% prevalence of round and 
oval patterns in eyes with 0.25 to 0.87 
D of astigmatism indicates that the 
Corneal Modeling System topographic 
map may not depict small amounts of 
astigmatism. Hannush et al? demon- 
strated the Corneal Modeling System 
to be accurate to within +0.1 D on cal- 
ibrated steel balls with radii of curva- 
ture that corresponded to those of 
normal human corneas. Whether or 
not this level of accuracy can be ap- 
plied to human eyes is difficult to 
determine. Additionally, since the 
smallest step between color intervals 
in the normalized scale is 0.2 D, astig- 
matism of 0.2 D or less will not be de- 
tected by the system. 

There was a 7.1% prevalence of ir- 
regular keratographs in this series. It 
seems unlikely that these eyes, which 
had normal-appearing corneas by slit- 
lamp microscopy, actually had such 
irregular topography. Possible expla- 
nations include tear film abnormali- 
ties, improper focusing of the kerato- 
scope, or eccentric fixation. Although 
we examined all patients for tear film 
abnormalities and emphasized proper 
focusing, eccentric fixation cannot be 
ruled out. Improvements in the align- 
ment system may help to control this 
problem in the future. Significantly, 
eyes with an irregular pattern were 
consistently irregular on all four of the 
keratographs that were taken. 

Although the patterns identified in 
our classification system were distinc- 
tive, the divisions between groups were 
arbitrary. Variation in corneal topog- 
raphy probably forms a continuum, 
ranging from spherical to toroidal (Fig 
2). As pointed out by Dingeldein and 
Klyce,* the idea of separating the cor- 
neal surface into simple surface zones 
(central, spherical, paracentral, etc) 
probably has no anatomic correlate 
since the shape of normal corneas is so 
highly variable. Reassuringly, all of 
the corneas in this study exhibited 
peripheral flattening and nearly all 
exhibited radial asymmetry, confirm- 
ing previous descriptions of the cornea 
as having a prolate, radially asymmet- 
ric, aspheric shape. 

Due to the variability in corneal to- 
pographic patterns among individuals, 
developing a clinically meaningful 
classification system is a challenge. 


--*~ Contributing to this is the problem of 


identifying which topographic charac- 
teristics are optically or visually im- 


5 portant. As techniques for evaluating 
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corneal topography have become more 
sophisticated, so too have the clinical 
applications. Our classification scheme 
is a simple qualitative description of 
patterns seen on color-coded maps and 
is intended as a preliminary step in the 
process of describing, characterizing, 
and classifying corneal topography 
based on computer-assisted analysis. 

Quantitative indexes that reflect pa- 
rameters such as the rate of change in 
radius of curvature along a semime- 
ridian, radial asymmetry in corneal 
curvature, surface irregularity, or 
overall degree of asphericity may al- 
low further delineation of corneal 
topographic patterns.” However, 
topography only describes surface 
shape. We would like to be able to cor- 
relate corneal topographic patterns 
with clinically relevant variables such 
as optical function, visual acuity, bio- 
mechanical properties, and the re- 
sponse of the cornea to surgery. Fur- 
ther advances may include using to- 
pography to predict visual acuity 
based on ray-tracing techniques, and 
prediction of the corneal response to 
surgery based on the correlation of to- 
pography with corneal biomechanical 
properties and stress distribution.” 


This work was supported in part by a depart- 
mental grant from Research to Prevent Blindness 
Inc, New York, NY, and by departmental core 
grant P30 EY06360 from the National Institutes 
of Health, Bethesda, Md. The authors have no 
commercial, proprietary, or financial interests in 
the Bausch & Lomb keratometer or the Cornea! 
Modeling System. The Corneal Modeling System 
and Fig 1, bottem right, were provided by Com- 
puted Anatomy Ine. 
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4 Ph otographic Grading in the Retinopathy 





of Prematurity Cryotherapy Trial 


Robert C. Watzke, MD; Joseph E. Robertson, Jr, MD; Earl A. Palmer, MD; 
Patrick R. Wallace; Mark S. Evans; Jaymee E. Delaney Soldevilla 


+ We report a system for photographic 
grading of the posterior fundus features 
of retinopathy of prematurity and correla- 
tion of such features with potential future 


_ visual function. The severity of temporal 


vessel traction, retinal fold, macular ec- 
topia, retinal detachment, retrolentai 
_mass, blood vessel attenuation, retinal 
pigment epithelial scarring, and cataract 
: was assessed by review of photographs 
at the Fundus Photograph Reading Cen- 
ter, Portland, Ore, according to a scheme 
designed to avoid bias or knowledge of 
treatment status. Reliability for all fea- 
_ tures was in the fair to excellent range 
(«>.40), except for blood vessel attenua- 


tion (x =.18), which was not a factor in 


the final outcome determination. The 
grading scheme provided the basis for 
the 3-month conclusions of the multi- 
center trial of cryotherapy for retinopathy 
of prematurity. This system will have 
further application in the 12-month Cryo- 
therapy for Retinopathy of Prematurity 
Study conclusions and in future long- 
term correlation with visual acuity as the 
trial patients mature. 
(Arch Ophthalmol. 1990;108:950-955) 


The Cryotherapy for Retinopathy of 
| Prematurity Cooperative Group 
- has reported a therapeutic benefit for 
= cryotherapy applied to the avascular 
peripheral retina of eyes at threshold 
severity of retinopathy of prematurity 
_ disease.’ The international classifica- 
_. tion of retinopathy of prematurity em- 
-. phasized features of the equatorial and 

peripheral retina as well as the posteri- 
or pole.” Even if cryotherapy could be 
shown to improve peripheral features, 
such as a ridge or localized peripheral 
retinal detachment, the effect on the 


-- macula and eventual vision might be 


negligible. Furthermore, consistently 
high-quality photographs of these pe- 
ripheral features were not possible in 
>- these eyes and they were not part of 
© the study design. 


Accepted for publication March 20, 19990. 

From the Department of Ophthalmology, Ore- 
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_. appears at the end of this article. 
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METHODS 


À new grading system was designed to 
assess features of the posterior fundus that 
would be expected to affect vision as the 
eyes matured. These features were photo- 
graphed with enough consistency and accu- 
racy so that they could be measured against 
a standard by observers who did not know 
whether the eyes were treated or un- 
treated. 

Because photographic quality was so im- 
portant to the function of the grading sys- 
tem, a training session was held for all 
study center photographers during the 
start-up period. Photographers were re- 
quired to be certified by submitting three 
sets of photographs of infants either with or 
without retinopathy of prematurity. The 
quality of these photographs was judged by 
the Reading Center (Portland, Ore) person- 
nel, and site visits were made as necessary. 
All clinical centers’ photographers were 
certified. 

Quality of photographs from each center 
was graded according to number of fields 
present, field accuracy, exposure, labeling, 
stereo separation, and sharpness. Among 
823 photograph sets graded for quality, 84% 
or more were considered adequate for eval- 
uaticn according to the features of the 
grading system. 

The grading system devised to evaluate 
outcome is described in considerable detail 
in the Manual of Procedures used in the 
Cryotherapy of Retinopathy of Prematurity 
Trial.” Features that were assessed were 
temporal vessel traction, retinal fold, macu- 
lar ectopia, retinal detachment, retrolental 
mass, blood vessel attenuation, retinal pig- 
ment epithelial scarring, and cataract. 
These formed the basis of the preliminary 
report of results of 8-month outcome’ and 
will be explained herein. 

A series of photographs containing mild 
to severe degrees of these features was 
selected from the files of the members of 
the executive committee of the Cryothera- 
py of Retinopathy of Prematurity Coopera- 
tive Trial. A grading system that deseribed 
different degrees of severity of each feature 
was formulated, and photegraphs were cho- 
sen to provide a standard for each feature 
and degree of severity. A brief summary of 
this system and illustration of various stan- 
dard photographs follows. 


Grading System 


Vessel Traction.—Photographs of the 
posterior fundus, which included the disc, 
macula, and superior and inferior temporal 
arteries and veins, to a distance of 2 disc 
diameters from the center of the disc were 
selected. Black-and-white Polaroid copies 
and standard enlargements of these photo- 
graphs were made on a Polaroid slide copi- 


er. Montages of several photographs were 
made whenever appropriate to include all 
necessary features. 

A template was constructed to divide the 
fundus into 30° sectors centered on the 
center of the disc and was used to overlay 
the Polaroid copy. A reference line was 
positioned to connect the center of the dise 
to the center of the macula. When the 
macula was unidentifiable, the reference 
line was placed midway between the superi- 
or and inferior temporal veins. This same 
orientation was used for any subsequent 
grading of that eye. The reference line was 
called a “horizontal” meridian. The line at 
right angles to it was referred to as a 
“vertical” meridian. 

If the superior temporal vein fell into the 
first sector temporal to the vertical merid- 
ian during the first 2 disc diameters of its 
course measured from the center of the 
dise, the degree of superior temporal trac- 
tion was graded 0. If it fell inte the next 30° 
sector, it was labeled superior temporal 
vessel traction 1; if it fell in the next 30° 
sector, it was labeled temporal vessel trac- 
tion 2 (Fig 1). Similar grading was used for 
the inferior temporal vein. If the temporal 
vessels deviated into the nasal quadrants, 
this was graded as superior nasal vessel 
traction 1 to 3 according to the 30° sectors 
involved. Only the deviations of the tempo- 
ral vessels were graded since only this 
would have a direct effect on the macula 
and central vision. 

Retinal Fold.—The degree of folding of 
the temporal retina was graded according 
to the amount of superior and inferior tem- 
poral vessel traction and amount of eleva- 
tion of the intervening retina between the 
temporal vessels compared with the retinal 
plane of other areas of the posterior pole, as 
judged by both stereopsis and relative focal 
planes. Thus, an eye could be graded as 
having temporal retinal fold 0 if there was 
no vessel traction and the intervening reti- 
na was not elevated. If there was sufficient 
temporal vessel traction so that either supe- 
rior or inferior temporal vessel traction 1 
was present and the intervening retina was 
elevated, a temporal retinal fold grade of 1 
was assigned. If either superior or inferior 
temporal vessel traction 2 was present, and 
the intervening retina was elevated, a 
grade of temporal retinal fold 2 was as- 
signed, If the temporal vessels were dis- 
torted to within one half a sector of the 0° to 
180° meridian so that the temporal retina 
had a tubelike configuration, a grade of 
retinal fold 3 was assigned (Fig 2). 

Since we realized that a temporal retinal 
fold could be present and not necessarily 


involve the macula, the presence of the- 


macula in the fold was evaluated: macular 
retinal fold was present, absent, or unable 
to grade. 
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Fig 1.—Grading of vessel traction, retinal fold, and macular ectopia. 
The superior and inferior temporal veins fall within the third 30° sector 
during the first 2 disc diameters of their course. The intervening retina 
is elevated relative to the adjacent retina. The macula is distorted by 
the retinal fold. The grading is superior and inferior temporal vessel 
traction 2, temporal retinal fold 2, macular retinal fold, and macular 
distortion. 


Fig 2.—Standard photograph for blood vessel attenuation. Vessel 
caliber should be equal to or less than this standard photograph for 
attenuation to be graded as present. The temporal retina is distorted 
into a tubelike configuration involving the macula. The temporal ves- 
sels are within one half a sector of the horizontal meridian and are 
attenuated. The grading is superior and inferior temporal vessel trac- 
tion 2, temporal retinal fold 3, macular retinal fold, macular distortion, 
and blood vessel attenuation present. 





Fig 3.—Grading of vessel traction and macular ectopia. The superior 
temporal vein deviates into the 12-o’clock to 1-o’clock nasal sector, 
and the inferior temporal vein deviates into the 3-o’clock to 4-o’clock 
nasal sector. The macula is displaced closer to the temporal margin of 
the disc than 2 disc diameters. The grade is superior vessel traction, 
nasal 1, inferior vessel traction, nasal 3, and macular ectopia present. 


Fig 4.—Grading of retinal detachment. Standard photograph for com- 
plete retinal detachment with folds at different levels. The grading is 
retinal detachment, present and total. 


Nasal traction and nasal retinal folds 
were graded in a similar fashion by devi- 
ation of the temporal vessels into the appro- 
priate nasal sectors (Fig 3). 

Photographs of these features were used 
for training the graders. 

Macular Ectopia.—For the purpose of 
this study, we used the terms macula and 
fovea interchangeably. The normal position 
of the macula was defined as within 2 or 3 
dise diameters from the temporal margin of 
the disce and lying within its horizontal 
confines. If the macula was outside this 
zone, macular ectopia was judged to be 
present. Macular ectopia was therefore 
graded as present (Fig 3), absent, other (for 
vertical displacement), distorted (where it 
was displaced but not precisely identified), 
or unable to grade. 
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Retinal Detachment.—Retinal detach- 
ment was defined as unmistakable elevation 
of the retina throughout the posterior pole 
and not simply elevated retina within a 
retinal fold. A standard photograph was 
used for present and total (Fig 4). Other 
grades were present, but not total, suspect, 
absent, or unable to grade. 

Retrolental Mass.—In eyes that con- 
tained a retrolental mass, a standard photo- 
graph was used for complete retrolental 
mass (Fig 5). Other grades were partial, 
absent, and unable to grade. 

Blood Vessel Attenuation.—Attenua- 
tion of the major arteries and veins of the 
posterior fundus was graded as present if 
vessel caliber was equal to or less than that 
seen in a standard photograph (Fig 2). 

Retinal Pigment Epithelial Scarring. — 


A standard photograph contained heavy 
retinal pigment epithelial proliferation in 
the center of the fovea (Fig 6). Study eyes 
were graded compared with the photograph 
as having scarring present, absent, present 
under the center of fovea, or unable to 
grade. If pigment less than that seen in the 
standard photograph was present under the 
center of the macula, it was graded as 
absent. 

Cataract.—Cataracts were judged to be 
present only with reference to a standard 
photograph and if a photograph focused on 
the lens demonstrated an unmistakable cat- 
aract to be present (Fig 7). Grading con- 
sisted of cataract present, absent, or unable 
to grade. If a lens opacity less than that 
seen in the standard photograph was pre- 
sent, the cataract was graded absent. 
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Fig 5.—Grading of retrolental mass. Stan- 
dard photograph for complete retrolental 
mass without features of an elevated retina. 
The grading is retrolental mass, complete. 


Photography 


If photographers could provide satisfac- 
tory photographs, the type of camera was 
not stipulated. Most clinical centers used a 
table-mounted fundus camera (Zeiss FF 
III, Carl Zeiss, Thornwood, NY), modified 
as necessary for photography of the eyes of 
sedated infants lying on their side. Each 
study eye was photographed so that five 
fields were obtained whenever possible. 
Field 1 had the disc as the center of the 
photographic field. Field 2 was centered on 
the macula. Field 3 included both the disc 
and macula in the photograph. Field 4 was a 
fundus reflex retroillumination photograph 
focused on the iris plane. Field 5 was re- 
quested if a media opacity was present; the 
camera was focused on the opacity. During 
the first part of the study, stereoscopic 
photographs were requested but not re- 
quired. After the first year, stereoscopic 
photographs were required. 


Reading Center Assessment 
of Photographs 


Four people were trained to grade photo- 
graphs according to the grading system. 
Two graders (P.R.W. and M.S.E.) were 
experienced photographers, and two 
(R.C.W. and J.E.R.) were ophthalmolo- 
gists experienced in the examination of eyes 
with retinopathy of prematurity. 

Each set of photographs were graded by 
two readers separately without consulta- 
tion. The Reading Center secretary-coordi- 
nator compared the two gradings. If there 
was disagreement in any area, one of the 
two Reading Center ophthalmologist-adju- 
dicators (R.C.W. or J.E.R.) graded this 
feature separately and without consultation 
with the graders who had evaluated this set 
of photographs. If the adjudicator’s grading 
agreed with one grader, this grading be- 
came final. If there was disagreement be- 
tween the adjudicator and the two graders, 
the grading was decided by joint consulta- 
tion. All grading forms were sent to the 
Coordinating Center, Houston, Tex. 
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Fig 6.—Grading of retinal pigment epithelial 
scarring. In addition to superior and inferior 
temporal vessel traction 2 and macular ecto- 
pia, there is retinal pigment epithelial scarring 
present under the center of the macula. 


During the start-up phase, the grading 
system was tested on sets of nonstudy 
photographs. A grading form was designed 
and tested, the interobserver reliability 
among the two graders and two adjudica- 
tors was tested by use of these nonstudy 
photographs, and forms were sent to the 
Coordinating Center to test the communica- 
tion system for data flow. 

Assignment of graders and adjudicators 
was done by the Coordinating Center. The 
Coordinating Center sent photographs back 
to different graders and adjudicators during 
the study to test grading consistency and 
reader reliability continuously during the 
study so that no photos taken in the Oregon 
clinic by either grader was assigned to him 
for grading. 

Photographs were coded so that the 
Reading Center personnel did not know the 
treatment status of any patient nor did they 
know if any two eyes were of the same 
patient. If any photograph contained cryo- 
therapy scars, they were cropped from the 
photographs by the Coordinating Center 
personnel before mounting and transmis- 
sion to the Reading Center. Similar crop- 
ping of photographs without cryotherapy 
scars was done during the course of the 
study to avoid grading bias. 


Macular Score: 
Relation of Grading Features 
to Potential Vision 


The purpose of the grading system was to 
evaluate the effects of treatment on those 
anatomic features of the posterior pole that 
would be expected to affect vision. Selected 
features of the grading system were ranked 
according to the expected effect on vision as 
the eye matured. Grading components were 
ranked by the Study Coordinating Center 
according to a macular score. The macular 
score included only features directly involv- 
ing the macula. A higher numerical value 
represents a worse outcome. A description 
of the components of the macular score 
follows, and the algorithm for its derivation 


Fig 7.—The standard photograph to refer- 
ence the presence of a cataract. 


is depicted in Table 1. 

Grade 4.—One of the following two cate- 
gories is present: retinal detachment (pre- 
sent and total) or retrolental membrane 
(complete). 

Grade 3.—Either partially present or 
suspected retinal detachment is noted. 
Also sufficient for inclusion in this category 
is partial retrolental membrane. The partial 
retrolental membrane designation is in- 
cluded in this group because it is believed 
that such a membrane is very likely to have 
a significant impact on the central visual 
potential. 

Grade 2.—Temporal retinal folds grade 2 
or more involving the macula and nasal 
retinal folds grades 1 or 2 are noted. The 
rationale is that any temporal retinal fold or 
vessel traction greater than grade 1 repre- 
sents significant structural damage to the 
eye. Nasal vessel traction is based on the 
location of the temporal arcades. Any drag- 
ging of the temporal vessel sufficient to 
bring them into the nasal fundus represents 
a major change in ocular anatomy. 

Grade 1.— Macular ectopia, distortion, or 
vertical displacement and/or temporal reti- 
nal pigment epithelial scarring under the 
center of the macula is noted. Temporal 
retinal fold grade 1 with or without macular 
involvement is present. Any one or combi- 
nation of these designations is sufficient to 
qualify for this grade. Grade 1 temporal 
traction categories are included in this 
grade as it is believed that this will be 
indicative of only relatively minor long- 
term structural abnormalities. 

Grade 0.— None of the specific character- 
istics mentioned for inclusion in subsequent 
categories are present. For an eye to be 
graded 0, both macular retinal fold and 
macular ectopia must be absent. It is pre- 
sumed that there is an excellent chance that 
such an eye will have a good visual 
prognosis. 

Unable to Grade.—Each eye is first 
ranked according to that feature that will 
put it into the most severe grade. For this 
reason, eyes with many unable to grade 
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features can still be ranked. If no features 
of the grading system were gradable, as for 
example in the presence of a cataract, the 
macular score was unable to grade. 


Macular Score: 
Favorable/Unfavorable Outcome 


For the purpose of the report of prelimi- 
nary results of the Cryotherapy for Reti- 


nopathy of Prematurity Study, favorable 


outcome was defined as a macular score of 0 
or 1. An unfavorable outcome has a score of 


Macular Score 


2 or higher. 


Grading Quality: Interreader Reliability 


Interreader reliability was continuously 








monitored by comparing the grading of each 
reader on individual grading features of 
each photographic set. The interreader 
comparison is shown in Table 2 for each 
separate item constituting the macula eval- 
uation. Agreement rates varied from 74.6% 
for macula ectopia to 99.6% for judging the 
presence or absence of a retinal fold on the 
nasal side. Table 2 also shows a 89.7% 
agreement in the summary outcome of 


“favorable/unfavorable.” 


In each instance, the kappa statistics in 
Table 2 indicate the percent agreement that 
is beyond that which is expected due to 
chance. In each instance, the kappa statistic 
is significantly different from zero (chance). 
The smallest is 18% for blood vessel attenu- 
ation, but it is statistically significant as 
indicated by z=4.4. Agreement for superi- 
or nasal vessel traction, temporal retinal 
fold, and retrolental mass was in the fair to 
good range. Agreement for the macular 
score was good (x=.62) and the favor- 
able/unfavorable statistic was excellent 


(x =.78)," 


Reader reliability was also assessed by 
comparing the results of the first and sec- 
ond readers’ grading prior to adjudication. 
Each reader graded the same photographic 
set on two different occasions. Table 3 
summarizes the comparison of first and 
second assessments of macular scores. 
When the results are combined into a favor- 
ablefjunfavorable outcome, there is an 85% 


Macular ectopia 


Table 1.—Definition of Mac 


Reading Form Definition 
4 Total retinal detachment 
Retrolental mass complete 
Partial retinal detachment 
Retinal detachment suspect 


Retinal foid, macular present 
Retinal foid, temporal fold 2 


Macular ectopia other 
Macular ectopia present 


the center of the macula 


errr aaae pananamit inti iy Sarees rena eee a a a an a mente titieT i SAMAR aA sent 


Retinal fold, macular absent 


Unable to grade Eye does not qualify for any macular score above | : 


823)" 


Table 2,—interreader Comparison: Agreeme 








No. of 
Readings Unable 
to Gradet 


No. (%) of 


Variable Agreements 


Macular score (0 to 4) 


Macular score (favorable / 


unfavorable) 688 (89.7) 


inte rhe gaa aandaa AA Hiv ithe te tertile iA ARAL RL ALARM TLR LAAN anananaymi aaah irhas then 


Vessel traction 


Superior temporal 410 (80.1) 


apaapa amannan apa ALAR RA I NREL rn eer ee ner nero Hite eei rier ie hile Sl ei pamana a MMAR anpa ite lier Atri i ttt da dn A i eh Satire thd AHERN RA RAMA 


419 (81.7) 


Retinal fold 
Macular 


Temporal! 480 (91.3) 


528 (99.6) 
364 (74.6) 


sett sannunrusrnamtenrdasennrrnmnennnlanse ete whee RCs m nner eee A A att hr HALSALL ARS LALLA AMARA amaaan RARER RRNA ROA a LYRA mT 


Retinal detachment 618 (84.5) 


Biood vessel attenuation 558 (97.0) 


ee Et A RNA RIL A EA NEEM NANA MASALA A RIAA ar RAMA, MLL RR RAI YL AHA RRR Re a 


Temporal retinal pigment 





agreement rate. This is well above the 
percent of chance agreement that would be 
expected based on the frequency of unfa- 


~.. -vorable outcomes for each reader. For this 
Co comparison, x = .62 with z= 30.5. 


Reliability was also tested by regrading 
10% of the photographic sets randomly se- 
lected. All criteria of the grading system, 
the macular score, and favorable/jmfavor- 


able outcomes were tested (Table 4). 


Agreement rates were at least 86.5%, and 
there was a 97.0% agreement rate, with 


x = ,93 on favorable/infavorable outcome. 


Table 5 shows the agreement between 


the 3-month outcome evaluation of the mac- 


ula score and an evaluation of the posterior 
pole as observed by the physician in a 
summary diagnosis. The agreement rate is 


92.3%. 


COMMENT 


The primary goal of the multicenter 
trial of retinopathy of prematurity was 
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542 (98.0) 62 


LALLA Ry YA LLNS RRL RAITT anan anann n nnn A aAA Aaaa Mitt aana 


754 (97.9) AG 


“The number of agreements excludes those unable to grade by either reader. 
+The number of readings unable to grade by either reader. 
The marginal total is 0; x and z cannot be calculated. 


epithelial scarring 
Cataract 


First Reading 
Fseeneeeeaeemmtnmtnnminmenn aaa aa, 
Unable 
to Grade å 
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953. 








tThe marginal total is 0; x cannot be calculated. 






_ “to determine whether cryotherapy to 
_ the avascular retina of one eye in se- 
_ vere retinopathy of prematurity would 
- reduce the incidence of grade 3 cicatri- 
. cial retrolental fibroplasia or worse 
- (Reese’s Classification) in the treated 
eye.” Grade 3 was defined as “a large 
mass of opaque tissue in the periphery 
o incorporating a retinal fold which ex- 
tends to the disc.” This primary goal 
was evaluated 3 months and 12 months 
_ following randomized assignment of 
: each study eye to either observation or 
- cryotherapy. Evaluation was by unbi- 
ased prading of photographic features 
- of the posterior pole. 

An objective method of evaluating 
_ the posterior fundus effect of cicatricial 
retinopathy of prematurity was de- 
vised that did not depend on the clini- 
cal examination of these infants by 
ophthalmologists involved in their 
treatment. Cicatricial changes in the 
posterior pole of treated and untreated 
eyes were photographed and graded 
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Variable No. * 

Macular score (O to 4) 69 
Macular score (favorable / 

unfavorable) 67 
Vessel traction 

Superior temporal 52 

inferior temporal 52 

Superior nasal 52 

l inferior nasal 52 

Retinal fold 

Macular 48 

Temporal 53 

Nasal 5i 

Macular ectopia 47 
Retinal detachment 65 

_ Retrolental mass 70 

Blood vessel attenuation 56 
Temporal retinal pigment 

epithelial scarring 53 
Cataract 70 


*The number of agreements excludes those unable to grade by either reader. 


Summary Diagnosis by Physician 
pii ee a a, 


Unable to 
Macular Score Favorable Unfavorable Grade Total 
Favorable 247 8 0 255 
Unfavorable o 25 147 5 177 
Unable to grade 27 10 i 38 
Total 299 165 6 470 


QC Data and Study Data 
























No. (%) of 
Agreements K 
60 (87.0) .86 
65 (97.0) 93 
48 (92.3) 87 
45 (86.5) 78 
51 (98, 1) tł 
52 (100.0) + 
48 (100.0) 1.00 
51 (96.2) t 
51 (100.0) ł 
42 (89.4) 81 
63 (96.9) .80 
as 62 (88.6) 59 
56 (100.0) t 
53 (100.0) t 
69 (98.6) tł 










































* Favorable indicates a macular score less than 2 and a summary diagnosis of 0 to 2; unfavorable; a macular 
-= score of 2 or more and a summary diagnosis of 3 to 5. The physician’s coding agreement rate was 92.3%. 


according to a grading scheme contain- 
ing enough detail to allow reliable as- 
sessment of severity by readers who 
had no knowledge of treatment status. 
Certain components of the gradings 
could be ranked in severity, according 
to the expected later effect on visual 
acuity, to produce a “macular score.” 
This ranking was divided into a favor- 
able and unfavorable outcome to form 
the primary outcome variable in the 
clinical trial of eryotherapy for retinop- 
athy of prematurity. Grading agree- 
ment of individual readers was excel- 
lent for both specific features and 
macular score (Table 2). Agreement 
was also fair to excellent on regrading 
the adjudicated scores and was excel- 
lent particularly for favorable/unfavor- 
able outcome (97.0%, Table 4). Agree- 
ment was poor for blood vessel 
attenuation; this feature was not part 
of the macular score determination. 
We expected that some treated eyes 
would demonstrate cryotherapy scars 


in their photographs and designed a 
system to control this. However, most 
treatment scars were peripheral to the 
photographic fields used for grading; in 
only one eye was cropping of the eryo- 
therapy scar necessary. 

There is a high degree of clinical 
correlation of this grading system with 
the degree of cicatricial damage to the 
posterior pole as judged by experi- 
enced investigators in the study (Table 
5). 
This study indicates that photo- 
graphic assessment of the posterior 
pole changes of retinopathy of prema- 
turity is reliable and clinically perti- 
nent and that such assessment can 
provide an unbiased measure of treat- 
ment outcome. A l-year analysis of 
treatment outcome based on this sys- 
tem is in progress, 


The Fundus Photograph Reading Center for 
Cryotherapy for Retinopathy of Prematurity Tri- 
al was supported by grant UOLEY05873 from the 
National Eye Institute, Bethesda, Md. 
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Flexible Endoscopes 


Ophthalmoendoscopic Techniques and Case Reports 


Veniamin V. Volkov, MD; Andrey V. Danilov, CandSci; Leonid N. Vassin, CandSeci; Yurii A. Frolov 


e We successfully used three types of 
flexible ophthalmoendoscopes for the sur- 
gical treatment of various abnormalities in 
the posterior ocular segments. Ali 23 pa- 
tients had opacification of the cornea and 
lens, which made it difficult or even im- 
possible to perform intravitreal surgery on 
the “closed” eye. All operations were per- 
formed through the pars plana. No compli- 
cations were noted. 

(Arch Ophthalmol. 1990; 108:956-957) 


[ ntravitreal surgery has been at- 

tracting considerable attention all 
over the world in recent years. It is 
quite natural therefore that there ap- 
peared a number of articles on the de- 
velopment of ophthalmoendoscopes 
employing fiberoptics.' 

Having abandoned the principle of 
rigid endoscopes, we developed three 
models of flexible ophthalmoendo- 
scopes. The purpose of this article is to 
analyze the efficiency of this equip- 
ment in diagnostics and therapy of 
some intraocular diseases. 


METHODS 


The operating part of the endoscope and 
other instruments for intravitreal manipu- 
lations were inserted into the vitreous cav- 
ity through small (2- to 3-mm) linear inci- 
sions through the pars plana (Fig 1). To en- 
sure an effective and safe examination, a 
slight rotating movement should be applied 
without any friction when the endoscope is 
being manipulated through the sclera. It 
should be done only under visual control 
(Fig 2). To avoid injury, the instrument top 
should always be strictly oriented toward 
the center of the vitreous cavity. This posi- 
tion can be checked by turning on the light 
immediately after the sclera has been en- 
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tered. Safe endoscope maneuvering in the 
vitreous cavity as well as a good view of the 
ophthalmoendoscopic picture are provided 
by preserving the shape of the eyeball 
throughout the procedure by continuous 
intraocular infusion using physiologic so- 
lution or any other substitute. The lack of a 
stereoscopic image in the endoscope of this 
monocular type demands special training 
and practice on the part of the surgeon. He 
should possess a “feeling” of the endo- 
scope’s distal position in relation to the ad- 
jacent intraocular structure. On being ex- 
amined with an endoscope, objects located 
at different distances ean be seen at differ- 
ent magnification and with different image 
sharpness. It is useful to follow a certain 
order when performing the endoscopic ex- 
amination. Normally, the optic dise as well 
as large retinal vessels can serve as good 
objects for orientation at the beginning of 
the endoscopic examination. The dimen- 
sions of the object images can give a rough 
idea of the distance from the shaft to these 
objects. Our experience shows that a dis- 
tance of 2 to 10 mm (magnification X5.8 to 
X1.3) is the safest and a rather convenient 
one for carrying out the examination. 

Moving the instrument shaft slightly, we 
first examined the disc and then the central 
areas of the fundus. The next step was ex- 
amination of the equatorial! area. Thus, the 
greater part of the fundus could be exam- 
ined. Generally, however, the endoscopic 
examination did not reveal distinctly the 
area of the ora serrata and ligament of 
Zinn, although even the posterior lens cap- 
sule could be observed with a slight turn of 
the eyeball. Naturally, at this moment, the 
endoscope’s distal end was kept at some 
distance from the object being observed. To 
have a full view of the far peripheral retina 
and ciliary and lens diaphragm, it was nec- 
essary to press the sclera, for example, with 
a glass stick, in an appropriate meridian at 
a distance of 3 to 6 mm from the limbus. 

After such a rough panoramic survey, one 
could proceed to a detailed examination of 
the particular area, 


RESULTS 


In all our 23 cases, ophthalmoendos- 
copy provided the surgeon with addi- 
tional information on the details of the 
changes observed in the vitreous cav- 
ity. The absence of such information 


would limit the surgical treatment for 
many cases or would give them an 
added risk. No complications were 
noted. 

Ten eyes had vitreous hemorrhages, 
seven had a foreign body, five were 
noted to have retinal detachment and 
one had endophthalmitis. All patients 
had corneal opacity; furthermore, five 
of them had a traumatic cataract. All 
that made it difficult, and in some cases 
impossible, to perform intravitreal 
surgery on the “closed” eye without 
special devices. 

All operations were performed on 
the closed eye using a flexible ophthal- 
moendoscope. 


REPORT OF CASES 


Case 1.—-A 21-year-old man entered the 
hospital 3 months after a severe injury in 
the right eye. The visual acuity was light 
perception with correct light projection. 
There was a central corneal sear, a trau- 
matic cataract, and vitreous hemorrhage. 

Using a surgical microscope, lensectomy 
followed by vitrectomy were performed in 
the anterior and middle parts of the vitre- 
ous. Further manipulation or observations 
through the pupil (even using a surgical 
microscope) were not possible because of 
the sear in the cornea. The operation had to 
be stopped. 

The endoscope was then inserted into the 
vitreous cavity through the pars plana and 
direct visual observations of the intraocu- 
lar manipulations were possible again. 

Vitrectomy in the posterior vitreous seg- 
ment was controlled with the endoscope 
and was performed until a clear picture of 
the fundus details appeared. In the course 
of the final endoscopic examination, at the 
far fundus periphery, separate areas of 
hemorrhage intimately associated with the 
retina were detected. No retinal detach- 
ment was found. A decision was made to 
stop the operation. When the patient was 
discharged, his visual acuity was 0.04; cor- 
rection with a sphere of +10.0 diopters (D) 
provided 0.3 acuity. 

Case 2.—A 25-year-old man was trans- 
ferred from another ophthalmologic hospi- 
tal where, a month before, he had had sur- 
gical treatment for a penetrating corneal 
wound of the right eye. The visual acuity in 
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Fig 1.—The position of instruments when the flexible endoscope is in- 


serted through the pars plana. 


this eye was light perception with correct 
light projection. He had a traumatic cata- 
ract. Echography was suggestive of retinal 
detachment. Lensectomy and vitrectomy 
were performed. However, complete re- 
moval of the opaque lens and fibrotically 
changed vitreous did not seem possible due 
to the rigid pupil (3 mm in diameter), which 
was unaffected by mydriatics. 

A flexible ophthalmoendoscope shaft was 
inserted into the vitreous cavity through 
the pars plana at the 1-o’clock position. Vit- 
reotome manipulations in the vitreous 
cavity were further observed through the 
endoscope’s ocular device. Thus, additional 
lensectomy and vitrectomy were per- 
formed. The vitreous cavity view revealed 
an extensive flat retinal detachment with a 
tear localized in the far fundus periphery at 
the 5-o’clock position. We then proceeded 
with retinal reattachment. The encircling 
band was passed under muscles approxi- 
mately 13 to 15 mm from the limbus. On 
tightening the band, the cerclage was ac- 
centuated over the torn area and retinal 
cryopexy in the inferonasal quadrant was 
performed. 

The postoperative course was uneventful. 
On discharge and 6 months later, the visual 
acuity, with an aphakic correction of +12.0 
D, was 0.2; the field of vision was normal. 

Case 3.—A 19-year-old man was admit- 
ted to the hospital a few hours after his 
right eye had been wounded with a rusty 
nail; the wound in the sclera was sutured. 
Four days later, endophthalmitis devel- 
oped. The visual acuity in the wounded eye 
was 0. 

Using the endoscope, lensectomy and vit- 
rectomy were performed on the closed eye. 
At intervals during the operation, the oph- 
thalmoendoscope served as a lighting de- 
vice. On discharge, the right eye was unin- 
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flamed and the media were transparent. 
The visual acuity increased to light percep- 
tion. 


COMMENT 


The ophthalmoendoscopic technique 
using the stereo positioner described 
by Norris et al! limits and delays ma- 
nipulation by the surgeon but provides 
some safety. Our flexible endoscope al- 
lows the surgeon to quickly perform 
searching examinations in the vitre- 
ous cavity. A direct image with suffi- 
ciently high resolution, bright uniform 
illumination, a large viewing angle, 
and good magnification provide de- 
tailed visualization. A fixing device for 
the shaft of the endoscope could help to 
perform fine intraocular manipula- 
tions under endoscopic observation. 
We agree with Norris et al! that a sur- 
geon should have substantial practice 
in making monocular endoscopic ma- 
nipulations on the eyes of animals be- 
fore he proceeds to operations on pa- 
tients. 

Our studies have shown the useful- 
ness of diagnostic ophthalmoendos- 
copy when the anterior ocular media 
are completely nontransparent and 
when it is necessary to estimate the 
condition of the posterior segment. 
When intraoperative visualization 
through the pupil does not allow solv- 
ing problems reliably, when they ap- 
pear unexpectedly during an operation 
on a closed eye, ophthalmoendoscopy is 
recommended for further surgery. 

The following are the clinical situa- 





Fig 2.—The fixation of the ocular device of the endoscope to the ocular 
of the operation microscope. 


tions of our first experience in which 
the endophthalmoscopic technique can 
be successfully employed: 

1. Differentiation of intravitreal 
vascularized membranes and adhe- 
sions in the vitreous cavity from a de- 
tached retina during vitrectomy. 

2. The search for and localization of 
retinal tears, foreign bodies, and other 
pathological foci. 

3. Manipulations with instruments 
and control of their results in the vit- 
reous cavity (vitrectomy, cutting ad- 
hesions, extraction of foreign bodies, 
etc). 

Further development of the oph- 
thalmoendoscopic technique should al- 
low expansion of the indications for its 
use. 

The ophthalmoendoscopic technique 
with thin flexible endoscopes opens 
new diagnostic possibilities. It has lit- 
tle traumatic effect and it allows one to 
operate in a closed eye in cases of sig- 
nificant decrease or lack of transpar- 
ency of the anterior ocular media. 
Thus, it diminishes the necessity to 
carry out such traumatic operations as 
“open sky” procedures. In some cases, 
the instrument is recommended not 
only as a surgical ophthalmoendoscope 
but also as a simple intraocular illu- 
minator. 
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_ @ Six hundred sixteen eyes with recent 
severe diabetic vitreous hemorrhage re- 
ducing visual acuity to 5/200 or less for at 
feast 1 month were randomly assigned to 
either early vitrectomy or deferral of vit- 
-rectomy for 1 year. The proportion of eyes 
with visual acuity of 10/20 or better was 
higher in the early vitrectomy group than in 
the deferral group throughout the 4-year 
follow-up period. Up to the 18-month visit, 
the early group had a higher proportion of 
=- eyes with visual acuity of no light percep- 
_ tion. An increased chance of obtaining 
© good vision with early vitrectomy was 
_ clearly present in the type | diabetes 
“group, particularly in patients who devel- 
oped severe vitreous hemorrhage after 
less than 20 years of diabetes, a patient 
group tending to have more severe prolit- 
‘erative retinopathy. This advantage was 
not found in the type il diabetes group, in 
which patients were older and tended to 
have less severe retinopathy. The findings 
of this and previous Diabetic Retinopathy 
Vitrectomy Study reports support early 
vitrectomy in eyes known or suspected to 
have very severe proliferative diabetic 
‘retinopathy as a means of increasing the 
_ chance of restoring or maintaining good 
= vision. 
(Arch Ophthalmol: 1990; 108:958-964) 
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Early Vitrectomy for Severe Vitreous 
Hemorrhage in Diabetic Retinopathy 


Four-Year Results of a Randomized Trial: 
Diabetic Retinopathy Study Report 5 


The Diabetic Retinopathy Vitrectomy Study Research Group 


randomized trial of early vitrectomy 
for eyes with severe vitreous hemor- 
rhage due to diabetic retinopathy 
(group H). In a previous report, the 
study design, baseline characteristics, 
and results during the first 2 years of 
follow-up were described.' This report 
summarizes the findings through 4 
years of follow-up. 


METHODS 


The earlier publication! included a de- 
tailed methods section. The major features 
follow. Patients were required to be age 18 
years or older, have a clinical diagnosis of 
diabetes, and have a recent severe vitreous 
hemorrhage in at least one eye. The hemor- 
rhage had to be of no more than 6 months’ 
duration and had to reduce visual acuity to 
the interval 5/200 to light perception at two 
visits at least 1 month apart. Eves were 
randomized to either immediate vitrectomy 
or deferral groups. Eyes in the deferral 
group underwent vitrectomy if persistent 
vitreous hemorrhage was present and vi- 
sual acuity was 5/200 or worse after 12 
months, or if retinal detachment involv- 
ing the center of the macula was detected 
by ophthalmoscopic or ultrasonographic 
examination at any time during follow- 
up. 

Patients were classified as having type I 
diabetes if diabetes was diagnosed at or be- 
fore age 20 years and if they were receiving 
insulin at the time of entry into the study. 
Patients were classified as having type II 
diabetes if they were age 40 years or older 
at diagnosis (regardless of insulin use) or if 
they were not receiving insulin at the time 
of entry into the study (regardless of age at 
diagnosis). Those patients receiving insulin 
whose diabetes was diagnosed between the 
ages of 21 and 39 years were assigned to an 
intermediate group, which presumably was 
made up of a mixture of patients with type 
I and type II diabetes. The duration of dia- 
betes was defined as the number of years 
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between the age at diagnosis as recalled by 
the patient and the age at entry into the 
study. 


RESULTS 


For each treatment group, Table 1 
gives the visual acuity distributions at 
2-, 3-, and 4-year follow-up visits, and ¢ 
Fig 1 depicts the percentages of eyes 
with visual acuity of 10/20 or better at 
each visit. The early vitrectomy group 
had a more favorable outcome than did 
the deferral group, with statistically 
significant differences (P < .05) for 10/ 

20 or better at each follow-up visit ex- 
cept 48 months. 

Figure 2 is similar to Fig 1 but dis- 
plays percentages of eyes with visual 
acuity of 10/50 or better. The differ- 
ences between the two groups were 
statistically significant (P < .05) at the 
3-, 6-, and 12-month follow-up visits 
and then diminished as vitrectomy 
was carried out in large numbers of + 
deferral-group eyes. l 

Figure 3 shows percentages of eyes 
with visual acuity of no light percep- 
tion (NLP). At all follow-up visits, 
these percentages were greater in the 
early group than in the deferral group, 
but differences were significant 
(P <.01) only through the 18-month 
visit. 

Figures 4, 5, and 6 display the per- 
centages of eyes with visual acuity of 
10/20 or better, 10/50 or better, and 
NLP, respectively, in each treatment 
group, by diabetes type, subdivided by 
diabetes duration within the type I. 
group, in which the known duration is + 
a more accurate measure of the time 
that diabetes has actually been 
present than is the case for older-onset 






































2y 


3y 


4y 


pruneeatnanansaenanananavanaaenanaaannnnan aannemen, peremen Nme, aree een, 
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Vitrectomy Vitrectomy Vitrectomy Vitrectomy Vitrectomy Vitrectomy 

Cumulative Cumulative Cumulative Cumulative Cumulative Cumulative 

% % P % % P % % P 
Visual acuity 

10/10 7.51 2.05 .009 7.66 2.26 O16 6.97 3.00 147 
10/16 17.79 8.20 .002 20.00 9.95 004 27.89 13.00 O27 
10/20 24.61 15.16 013 28.09 18.10 016 29.35 23.50 224 
10/30 34.39 24.59 022 37.45 28.96 068 35.82 29.50 214 
10/40 37.94 29.92 .073 40.00 34.39 .254 40.30 33,50 191 
10/50 41.50 33.61 085 43.83 38.01 243 45.27 36.50 .092 
10/70 46.64 39.34 .421 48.09 41.63 .197 50.25 42.50 . 145 
10/100 53.75 49.59 .401 51.49 49.77 185 $9.70 §3.50 249 
10/160 58.50 53.69 .322 o 56.60 52.49 .432 62.19 57.50 -392 
10/200 60.47 56.56 427 60.85 53.85 . 156 64.68 §1.00 810 
© £200 64.03 62.30 .758 ~~ 66.38 60.18 .202 68.66 65.00 -502 
=. 2/200 65.61 63.93 .766 67.66 63.35 384 69.15 69.00 1.000 
Hand motions 70.75 72.95 .656 71.49 71.04 .998 73.63 73.00 .976 
Light perception 75.10 80.74 .160 74.04 76.92 545 77.50 .432 


No light perception 
No. of visits completed 
_ No. of deceased patients 
No. of visits missed 
| (closed clinic) 5 
. | No. of visits missed 
- Total No. of 
randomized patients 


patients. Smaller numbers of eyes in 


_y the mixed and type II groups made 
- ‘parallel analyses difficult to interpret, 


but consistent differences in treatment 
effects by diabetes duration were not 
apparent. These figures facilitate com- 
parison of the benefits and risks of 


;; — early vitrectomy among the diabetes 
= subgroups, and have a common pat- 


tern. Recovery of vision was more fre- 
quent with early vitrectomy in both 
type I groups, and this advantage was 
greater when the duration of diabetes 
was less than 20 years. No sustained 
advantage of early vitrectomy is ap- 
parent in the mixed or type II diabetes 
groups. This difference in treatment 
. effect by diabetes type (and within the 
type I group by diabetes duration) was 


ae generally statistically significant for 


- the 10/20 or better visual acuity out- 


er come, supporting the interpretation 


-that the treatment benefit observed in 


De _ the type I group was not present in the 


mixed and type II groups. 

Other ocular and patient character- 
istics were evaluated to determine 
whether the benefit and early vitrec- 
tomy depended on them. These in- 
cluded the type of vitreous hemor- 
rhage, the duration of hemorrhage, the 
history of photocoagulation, and the 
-initial visual acuity. None of these fac- 
#- tors significantly influenced the treat- 
. ment effect. 

. Table 2 presents the occurrence of 
` selected untoward events at any time 
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prior to the 4-year visit in the two 
treatment groups, by type and dura- 
tion of diabetes. The first four catego- 
ries and their subtotal include serious 
complications that might be expected 
to occur together and to be caused by 
vitrectomy. In the type I shorter dura- 
tion group, the occurrence of one or 
more of these untoward events was 
less frequent with early vitrectomy 
than with deferral, the difference oc- 
curring largely from neovascular glau- 
coma. For all other diabetes groups, 
these four categories of untoward 
events tended to occur more frequently 
in the early vitrectomy group. Retinal 
detachment occurred considerably less 
often with early vitrectomy in the type 
I groups. In the mixed and type H di- 
abetes groups, retinal detachment oc- 
curred with about equal frequency in 
the early and deferral treatment 
groups. 

Figure 7 depicts the cumulative oc- 
currence of vitrectomy in the deferral 
group for each diabetes type. Most of 
the eyes underwent vitrectomy by the 
18-month visit, few thereafter. The 
principal indications for vitrectomy 
after 15 months of follow-up were per- 
sistent hemorrhage in patients who 
declined vitrectomy in conjunction 
with the l-year visit or were too ill to 
undergo it at that time (9 of 16 such 
eyes subsequently underwent vitrecto- 
my), and recurrent hemorrhage in eyes 
that had cleared at the 1-year visit (of 













61 eyes that had cleared at the l-year 
visit, 9 underwent vitrectomy later for | 
recurrent hemorrhage, and 1 did so for — 
retinal detachment involving the mac- _ 
ula). In patients with type I diabetes of — 
short duration, vitrectomies were per- 
formed more frequently and earlier on 
average than in patients in other sub- 
groups. In 23% of 305 eyes undergoing 
early vitrectomy, one or more addi- 
tional vitreous surgical procedures | 
were carried out (generally washouts 
of persistent or recurrent hemor- 
rhage), compared with 14% of 196 eyes 
undergoing deferred vitrectomy. , 
Figures 8 and 9 present distribu- | 
tions of severity of new vessels and 
vitreoretinal adhesions, respectively, 
assessed during early vitrectomy, by 
diabetes type and duration. Patients 
with type I diabetes of less than 20- 
years’ duration had new vessels and 
vitreoretinal adhesions equal to or ex- 
ceeding 4 disc areas more commonly 
than patients in the other diabetes. 
groups. 


COMMENT 


The 4-year results presented here 
did not differ substantially from the 2- 
year results published previously. In 
the analysis including all eyes, there 
were small increases in the percent- 
ages of eyes with visual acuity of 10/20 
or better between 2 and 4 years in both 
the early and deferral groups, with a 
small decrease in the advantage of. 
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Fig 5.—Percentage of eyes with visual acuity of 10/50 or better by 
treatment group (early vitrectomy group and deferral group), and time 
following randomization by type and duration of diabetes (from top to 
bottom; type | diabetes, <20 years’ duration; type | diabetes, =.20 
years’ duration; mixed diabetes type; and type ll diabetes). P values 
testing for a linear trend of treatment effect with diabetes type were .09, 
02, and .13 at the 24-, 36-, and 48-month visits, respectively. For the 
interaction of treatment effect with duration of diabetes, within the type 
_ I diabetes group, the P values were .17, .08, and .07 at the 24-, 36-, and 
48-month visits, respectively. 
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Fig 6.—Percentage of eyes with visual acuity of no light perception by 
treatment group (early vitrectomy group and deferral group), and time 
following randomization by type and duration of diabetes (from top to 
bottom: type | diabetes, <20 years’ duration; type | diabetes, = 20 
years’ duration; mixed diabetes type; and type Il diabetes). P values 
testing for a linear trend of treatment effect with diabetes type were .23, 
.63 and .39 at the 24-, 36-, and 48-month visits, respectively. For the 
interaction of treatment effect with duration of diabetes, within the type 
i diabetes group, the P values were .50, .21, and .39 at the 24-, 36-, and 
48-month visits, respectively. 
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Fig 1.—Percentage of eyes with visual acuity of 10/20 or better by 
treatment group (early vitrectomy group and deferral group) and time 
following randomization. 
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Fig 2.—Percentage of eyes with visual acuity of 10/50 or better by 
treatment group (early vitrectomy group and deferral group) and time 
following randomization. 


oO 
O 






A 
O 


No Light Perception, % 
W 
O 


Eyes With Visual Acuity of 


18 24 30 36 42 48 


6 12 


Time From Randomization, mo 


Fig 3.—Percentage of eyes with visual acuity of no light perception by 
treatment group (early vitrectomy group and deferral group) and time 
following randomization. 
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Fig 4.—Percentage of eyes with visual acuity of 10/20 or better by 
treatment group (early vitrectomy group and deferral group), and time 
following randomization by type and duration of diabetes (from top to 
bottom: type | diabetes, <20 years’ duration; type | diabetes, =20 
years’ duration; mixed diabetes type; and type Il diabetes). P values 
testing for a linear trend of treatment effect with diabetes type were .003, 
.15, and .03 at the 24-, 36-, and 48-month visits, respectively. For the 
interaction of treatment effect with duration of diabetes, within the type 
| diabetes group, the P values were .03, .009, and .003 at the 24-, 36-, 
and 48-month visits, respectively. 
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Table 2.—Incidence (Percent) of Untoward Events at Any Time During the 4 Years 
Following Randomization, by Treatment Group and Type and Duration of Diabetes 


Diabetes Group 


=  -OOoO 


Type l, 
<20 y 
(n = 58) 
(n = 57) 


Untoward Event Treatment Group 


Deferred 


Enucleation 
phthisis or 
alcohol injection 


Deferred 
Difference 


Sympathetic uveitis 


or endophthalmitis Deferred 


Difference 
Early 
Deferred 
Difference 
Early 
Deferred 
Difference 


Corneal edema 
or epithelial 
abnormality 


Neovascular 
glaucoma 


Deferred 
Difference 


Any of the above 


Deferred 


Retinal detachment | 
Difference 


* The first P value tests for a linear trend in the difference of the occurrence of the untoward event with di- 
abetes type. The P value in parenthesis tests for interaction of the difference of the occurrence of an untoward 


Type |, 
=>20 y 
(n = 58) 
(n = 60) 

12.1 


Mixed 
(n = 85) 
(n = 89) 


(n = 107) 
(n = 102) 





event with the duration of diabetes within the type | diabetes group. 
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Fig 7.—Life table incidence rates of vitrectomy among eyes assigned to the deferral group by type 
and duration of diabetes. The P value testing for a linear trend among diabetic types was .0004. 
For the difference between duration of diabetes among type | diabetics, the P value was .01. Ob- 
servations were censored for 40 eyes in patients who died without having undergone vitrectomy. 


early vitrectomy (Table 1 and Fig 1). 

On the other hand, patients with 
type I diabetes of less than 20 years’ 
duration continued to show a large ad- 
vantage for early vitrectomy in the 
percentage with good visual acuity 
(Fig 4). In our previous report, we sug- 
gested reasons why early vitrectomy 
was more advantageous in these pa- 
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tients. New vessels, fibrous prolifera- 
tion, and vitreoretinal adhesions were 
all seen more often and were more ex- 
tensive in patients with type I diabe- 
tes, particularly when the duration of 
diabetes was less than 20 years. We 
speculated that progression of new 
vessels, contraction of fibrous prolif- 
erations, and worsening of traction 


detachment during the 1-year waiting 
period could all be more severe in these 
eyes, reducing their potential for re- 
covery of good visual acuity. In eyes 
with less severe proliferations, less 
change would be expected during the 
waiting period, and the advantage of 
early surgery in arresting the process 
would likewise be less. 

Similar results have been reported 
in eyes with very severe proliferative 
diabetic retinopathy and_ useful 
vision.” Such eyes assigned randomly 
to early vitrectomy tended to have 
better visual acuity during follow-up 
than those assigned to conventional 
management. The advantage of early 
vitrectomy for these eyes increased 
with increasing severity of new ves- 
sels. In the group with the least severe 
new vessels, no advantage of early vi- 
trectomy was apparent. Early vitrec- 
tomy has also been recommended by 
others for eyes with recent extensive 
preretinal hemorrhage.** 

The rates of untoward events that 
might be expected to be caused by vi- 
trectomy (the “any of the above” row 
in Table 2) were similar to those re- 
ported previously after 2 years of fol- 
low-up,’ but were higher than those 
observed in eyes with very severe pro- 
liferative diabetic retinopathy and 
useful vision’ (about 30% in the early 
vitrectomy group and 20% in the de- 
ferral group in eyes with hemorrhage 
compared with 19% and 12%, respec- 
tively, in the comparable groups of 
eyes with very severe proliferative di- 
abetic retinopathy and useful vision). 
The lower rates in the latter study may 
reflect improvements in surgical tech- 
nique between the periods when these 
studies were carried out, such as less 
frequent lensectomy (about 30% and 
6%, respectively) and better instru- 
mentation. The incidence of retinal 
detachment, however, was lower in 
eyes with hemorrhage (13% and 20%, 
respectively, in the early vitrectomy 
and deferral groups) than in eyes with 
very severe proliferative diabetic 
retinopathy with useful vision (21% 
and 37%, respectively, in the compa- 
rable groups), presumably reflecting 
the more severe fibrovascular prolif- 
erations characterizing the eyes in- 
cluded in the latter study. In neither 
study was scatter (panretinal) en- 
dophotocoagulation carried out during 
vitrectomy. 

Our conclusions remain largely the 
same after 4 years of follow-up as they 
were after 2 years. First, for eyes with 
recent severe vitreous hemorrhage, 
early vitrectomy provided a greater 
chance of prompt recovery of visual 
acuity (Figs 1, 2, 4, and 5). Prompt re- 
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Fig 8.—Distribution of the extent of new vessels for eyes undergoing 
early vitrectomy by type and duration of diabetes. The P value testing 
for a linear trend across the three diabetes types was .0006. For the 
difference between duration of diabetes subgroups, within the type | di- 
abetes group, P = .11. The open bar indicates no new vessels; lightly 
shaded bar, less than 1 disc area; darkly shaded bar, greater than or 
equal to 1 disc area and less than 4 disc areas; and black bar, greater 


Type l, <20 y 


(n = 57) 
Type |, =20 y 
(n = 58) 
Mixed 

(n = 84) 
Type Il 

(n = 106) 





20 30 40 50 60 70 80 90 100 
Percent of Eyes 


Oo e 


Fig 9.—Distribution of the extent of vitreoretinal adhesions for eyes un- 
dergoing early vitrectomy by type and duration of diabetes. The P value 
testing for linear trend across the three diabetes types was .0003. For 
the difference between duration of diabetes subgroups, within the type 
| diabetes group, P = .007. The open box indicates no adhesions or 
adhesions at the disc only; lightly shaded bar, one or more adhesions 
present, none greater than or equal to 4 disc areas in extent; darkly 
shaded bar, adhesions present, one or more greater than or equal to 4 
disc areas in extent; and black bar, no posterior vitreous detachment. 
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covery is of greatest importance to pa- 
tients who do not have useful vision in 
the fellow eye, and offering early vi- 
trectomy to such patients with little 
regard to retinopathy severity or dia- 
betes type seems reasonable, although 
the greater early risk of NLP must be 
kept in mind (Fig 3). Second, for pa- 
tients with type 1 diabetes, particu- 
larly for those in whom severe vitreous 
hemorrhage occurred after a shorter 
duration of diabetes, early vitrectomy 
provided a greater chance of recover- 
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ing good visual acuity. This benefit re- 
mained at least as great after 4 years 
of follow-up as it was at 2 years, and 
our previous speculation that the more 
severe fibrovascular proliferations 
characterizing such eyes were a likely 
explanation for the benefit of early 
vitrectomy is strengthened by similar 
findings in eyes with very severe pro- 
liferative diabetic retinopathy and 
useful vision.’ 

Baseline information collected in 
this study did not include ophthalmo- 
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of vitrectomy. The findings of this re- 
port and previous DRVS reports’ ? 
support early vitrectomy in eyes 
known or suspected to have very severe 
proliferative diabetic retinopathy as a 
means of increasing the chance of re- 
storing or maintaining good vision. 
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== @ Cataract surgery in nanophthalmic 
- eyes may be complicated by postopera- 
tive uveal effusion. Evidence is presented 
_ that prophylactic lamellar scleral resec- 
-tion with decompression of the vortex 
veins, performed 2 months or more prior to 
sataract extraction, may reduce the inci- 
dence of this severe complication. A ran- 
-domized study to determine the benefit of 
“such prophylaxis is advocated. 

-~ {Arch Ophthalmol. 1990; 108:965-967) 





Dara surgery for glaucoma or 
ataract in patients with nanoph- 
talno has been followed by an ex- 
traordinarily high rate of compli- 
cations.’ After uncomplicated in- 
traocular surgery, severe uveal 
effusion with nonrhegmatogenous ret- 
inal detachment often occurs in the 
postoperative period. Various reports 
have shown that up to 50% of operated 

eyes have permanent loss of vision.‘ 
In 1980 I’ reported a series of cases 
of patients with nanophthalmic uveal 
effusion who were treated by vortex 
vein decompression. The surgical pro- 
- -cedure involved lamellar scleral resec- 
tion of a 4 X 6-mm area of sclera ante- 
M ior: to the exit of the vortex veins, plus 
a selerotomy down to the choroid, in 
= ea ch quadrant. In some cases subreti- 
nal fluid was also drained and vitreous 
-injections were performed. The ratio- 
nale for the procedure was that the 
thiek sclera, pathognomonic of nan- 
ophthalmes, impeded the drainage of 
venous blood by- the vortex system. As 
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a consequence, increased venous pres- 
sure in the choriocapillaris resulted in 
the accumulation of fluid and proteins 
in the suprachoroidal and subretinal 
spaces. By performing a vortex vein 
decompression, the increased venous 
pressure was relieved and the retinal 
detachment and choroidal detachment 
subsided. 

In 1982 Gass and Jallow’ described a 
patient with bilateral idiopathic uveal 
effusion (not nanophthalmic). Thick 
sclera was encountered and a vortex 
vein decompression was planned. Vor- 
tex veins were inadvertently ampu- 
tated while sclerectomies and sclerot- 
omies were being performed. The re- 
maining vortex veins did not undergo 
surgery. The retina reattached with- 
out decompressing any of the vortex 
veins. A similar operation, with simi- 
lar complications, was performed on 
the fellow eye with reattachment of 
the retina. 

In 1983 Gass’ reported another case 
of a patient with bilateral uveal effu- 
sion, without nanophthalmos, treated 
successfully by lamellar scleral resec- 
tion and sclerotomy (without vortex 
vein decompression); this presented 
another hypothesis for why Brock- 
hurst’s vortex vein decompression op- 
eration worked. As a consequence of 
the serendipity of the failure to decom- 
press the vortex veins and yet have the 
retinal detachment subside, Gass pos- 
tulated that thinning the sclera was 
the significant part of the procedure. 
Since there are no lymphatics in the 
eye, proteins that leak from the cho- 
riocapillaris normally may leave the 
eye only by Schlemm’s canal and by 
transscleral passage. Thick sclera, 
present in nanophthalmos and in some 
eases of idiopathic uveal effusion, 
hinder the passage of protein through 
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the sclera with accumulation of pro- 
teins within the eye. As a consequence, 
osmotic forces cause fluid to accom- 
pany the increased concentration of 
proteins, with thickening of the chor- 
oid, choroidal detachment, and subse- 
quent retinal detachment. - 

It is the purpose of this report to de | 
scribe three patients with nanophthal- 
mos in whom cataract extraction was 
performed several months after vortex. 
vein decompression with scleral resec-. 
tion and sclerotomies. It was postu-. 
lated that performance of the scleral 
operation, which is effective therapy 
for uveal effusion, might prevent the 
development of uveal effusion after the 
cataract procedure. 


REPORT OF CASES 


CasE 1.—A 67- year-old woman presented. 
in 1979 because of a gradual decrease in vi- 
sion of 2 years’ duration in the right eye. 
She had worn “thick glasses” since child- 
hood. Seven years previously the patient 
had undergone cataract surgery in the left: 
eye. Shortly thereafter she developed a ret- 
inal detachment in the same eye and had 
only “tunnel vision” at presentation. For 
the preceding 3 years the patient had been 
administering 1.5% carbachol three times a 
day in each eye for glaucoma. Her family 
history revealed that her parents were first. 
cousins, two brothers wore thick glasses, 
and one brother had glaucoma. Her medical 
history included a right mastectomy 25. 
years before with no evidence of recurrence 
of tumor. 

The examination revealed a visual acuity 
with +20.00 sphere in both eyes to be 
counting fingers at 2 ft in the right eye and _ 
counting fingers at 1 ft in the left eye. The 
confrontation field was full in the right eye — 
and revealed only a small island of vision in _ 
the left eye. Intraocular pressure was 20 
mm Hg in the right eye and 19mm Hgin the 
left eye. Both eyes appeared to be deeply set- 
in the orbits. The right eye showed a clear 
cornea, a somewhat shallow anterior cham- 
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_ ber, and a poorly dilated pupil. Dense nu- 
_. clear sclerosis was noted and the fundus 
could not be seen. The left eye showed a 
-clear cornea, and it was evident that a sec- 
tor iridectomy had been performed when an 
intracapsular cataract extraction had been 
performed 7 years before. A fundus exam- 
ination revealed an annular peripheral cho- 
‘roidal detachment and nonrhegmatoge- 
nous retinal detachment. In the posterior 
pole the retina was attached, with degener- 
ation of the pigment epithelium. 

An ultrasonographic examination 
showed that the right retina was attached 
> and there was thickening of the choroid. 
- Axial length was 14.5 mm in the right eye 
and 14.3 mm in the left eye. Vortex vein de- 
compression, with lamellar resection of 
very thick selera and sclerotomies, was 
performed in four quadrants on the right 
eye, according to the technique described 
previously.’ The postoperative course was 
uneventful and the glaucoma was con- 
trolled with 0.5% timolol maleate adminis- 
tered twice a day in the right eye and 1.5% 
carbachol administered three times a day in 
the left eye. Five months later visual acuity 
in the right eye was hand motions at 2 feet, 
and an intracapsular cataract extraction 
was performed. Uveal effusion did not occur 
postoperatively. 

Seven years later, in 1986, the right eye 
showed visual acuity of counting fingers at 
4 feet and ambulatory vision with +20.00 
‘sphere. Intraocular pressure was 17 mm Hg 
-© without treatment; the retina and choroid 
were attached. Retinal pigment degenera- 
tion was seen in the macula. The left eye 
still retained a small central island of 
vision, with counting fingers at 1 ft, and the 
nasal half of the retina remained detached. 
Case 2.—A 55-year-old man was seen in 
1979 because of a severe loss of vision for 3 
months. He had worn “strong glasses” since 
_ childhood and for 10 years had been treated 
for glaucoma in both eyes. Two years previ- 
ously, surgical peripheral iridectomies had 
been performed in each eye, after which 
_ cataracts developed. Four months before he 
was examined by this author, phacoemulsi- 
fication with insertion of a 25.00 diopter(D) 
posterior chamber intraocular lens was 
performed on the left eye. Ultrasono- 
graphic measurements done preoperatively 
revealed the left eye to have an axial length 
of 16 mm. Four weeks after surgery choroi- 
dal and retinal detachments were diag- 
nosed. A 360° scleral buckling was per- 
formed because no retinal breaks were 
found. The retina remained totally de- 
tached. The family and patient’s medical 
histories were noncontributory. 
_ Qnexamination visual acuity with +18.00 
_ sphere in both eyes was 20/80 in the right 
eye and accurate light projection in the left 
eye. Intraocular pressure was 25 mm Hg in 
the right eye and 15 mm Hg in the left eye. 
Both eyes appeared to be deeply set in the 
orbits. The right eye revealed a shallow 
chamber, a small pupil with posterior syn- 
echiae, and moderate nuclear sclerosis. The 
fundus could not be visualized with indirect 
ophthalmoscopy. The left eye showed 1+ 
` flare, rare cells in the anterior chamber, and 
pigment deposits on the posterior surface of 
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the posterior chamber intraocular lens. The 
retina was totally detached, with high bal- 
loons that almost touched the posterior 
surface of the intraocular lens. An opera- 
tion was performed on the left eye that in- 
cluded removal of the encircling silicone 
element and vortex vein decompression 
with lamellar scleral resection and sclerot- 
omies in four quadrants. Drainage of sub- 
retinal fluid and air injection were also 
performed. Oral prednisone was prescribed 
for 6 weeks after surgery. The retina re- 
attached and visual acuity improved with 
an additional +10.00 sphere to 20/200. 

Four years later visual acuity in the right 
eye had decreased to 20/400 due to increas- 
ing cataract. Ultrasonographic studies 
showed the retina to be attached, but a pe- 
ripheral annular choroidal detachment was 
seen. The axial length of the right eye was 
16 mm and the lens was 5 mm thick. The 
intraocular pressure in the right eye was 20 
mm Hg with 0.5% timolol maleate admin- 
istered twice a day and 4% pilocarpine hy- 
drochloride administered four times a day. 
The left eye was unchanged. Because of the 
complicated course in the left eye, vortex 
vein decompression was performed on the 
right eye prior to cataract surgery. The 
thickened sclera was resected and scleroto- 
mies were performed in four quadrants 
without incident. Two and one half months 
later uncomplicated intracapsular cataract 
extraction was performed on the right eye 
with lysis of the posterior synechiae. After 
extraction, the lens was measured and 
found to be 8.5 mm in transverse diameter 
and 5.0 mm in anteroposterior diameter. 
Oral prednisone was administered for 1 
month after each procedure on the right 
eye. The postoperative course was unevent- 
ful, and 6 years later the right retina was 
attached and visual acuity with +25.00 
sphere was 20/80. Pigmentary degenera- 
tion was present in the macula. 

Case 3.—A 65-year-old man was exam- 
ined because of decreased vision of 2 weeks’ 
duration in each eye. The family history re- 
vealed that the patient had a brother who 
had undergone enucleation of one eye for 
glaucoma. The medical history showed that 
he was receiving vitamin B,, for pernicious 
anemia. 

On examination with +14.00 sphere in 
both eyes, visual acuity was 20/70 in the 
right eye and 20/50—1 in the left eye. 
Intraocular pressures were 16 mm Hgin the 
right eye and 15 mm Heg in the left eye. Both 
eyes appeared deeply set in the orbits, with 
clear corneas and slightiy shallow cham- 
bers. Both fundi showed peripheral annular 
chorcidal detachments and nonrhegmatog- 
enous retinal detachments inferiorly. 
When supine, the maculas became detached 
as the subretinal fluid shifted with a change 
of position. Ultrasonographic measure- 
ments showed the axial length of both eyes 
to be 19.2 mm. The patient was treated with 
100 mg of oral prednisone every day for 1 
week followed by 100 mg every other day. 
Four weeks later the subretinal fluid began 
to decrease and the steroid dose was grad- 
ually decreased and finally omitted after 1 
year. At that time the visual acuity was 20/ 
30 in each eye and the retinal and choroidal 





detachments were absent. 

Fourteen years later visual acuity was 
reduced to 20/200 in the right eye and 20/ 
60 in the left eye because of nuclear and 
posterior subcapsular lens opacities. Since 
the retina was attached with no signs of 
uveal effusion there was no reason to use 
systemic corticosteroid treatment at that 
time. Moreover, the use of steroids has not 
been shown to prevent uveal effusion fol- 
lowing intraocular surgery. Therefore, vor- 
tex vein decompression was performed on 
the right eye, as in the two previous cases. 
Five months later uncomplicated extracap- 
sular cataract extraction, with insertion of 
a +14.00-D posterior chamber intraocular 
lens, was performed by the referring doc- 
tor. No problems were encountered with 
anterior capsulotomy, lens removal, or in- 
sertion of the implant. Eight months after 
cataract surgery, long after uveal effusion 
would be expected to occur, the retina was 
completely attached and visual acuity with 
an additional +13.00 sphere was 20/40. 


COMMENT 


The three patients reported herein 
had all developed nanophthalmic 
uveal effusion in the past. Patients 1 
and 2 had suffered severe uveal effu- 
sion with permanent severe visual loss 
shortly after uncomplicated cataract 
surgery. With the development of dis- 
abling cataracts in their fellow eyes 
there was concern that uveal effusion 
might occur if the second eye was op- 
erated on for the cataract problem. 
After discussion with the patients and 
their relatives it was decided to per- 
form a prophylactic vortex vein de- 
compression prior to cataract surgery. 
Cataract surgery performed after a 
few months proved to be uneventful, 
with no dreaded uveal effusion devel- 
oping. 

Patient 3 was a known nanoph- 
thalmic patient who had previously 
suffered bilateral uveal effusion with 
nonrhegmatogenous retinal detach- 
ments and was now presenting with 
significant cataracts. To minimize the 
risk of post-cataract surgery uveal ef- 
fusion in this patient, prophylactic 
vortex vein decompression was per- 
formed. Subsequent cataract surgery a 
few months later proved to be unevent- 
ful. 

It appears that prophylactic vortex 
vein decompression with lamellar 
scleral resection and sclerotomies in 
four quadrants alters the abnormal 
sclera, typical of nanophthalmic eyes, 
so that uveal effusion will be less likely 
to occur after cataract surgery. In 
cases 1 and 2 intracapsular cataract 
extractions were performed more than 
7 years ago when posterior chamber 
implants were less commonly per- 
formed. Patient 3 had a posterior 
chamber implant inserted, which ap- 
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pears. v be more appropriate at this 
time. The optimal interval between the 
sleral operation and the cataract op- 
eration is not known. However, it 
seems prudent to allow about 2 months 
for the inflammation attending the 
rst procedure to subside. As sug- 
gested by Brockhurst,’ the operation 
reduces high venous pressure in the 
choriocapillaris, thereby reducing 
leakage of fluid and proteins. More- 
over, as suggested by Gass and Jal- 
low,®’ the scleral thinning results in an 
increased rate of transmission of pro- 
teins and fluids from the choroid 
- through the sclera. 
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It is not known whether the scleral 
resection procedure and cataract op- 
eration might be performed at the 
same time. Nanophthalmic eyes have 
proven to be so prone to complications 
that it seems advisable to perform the 
scleral operation first, allow the eye to 
heal completely, and then proceed with 
the cataract operation. However, as 
more is learned about this disorder, a 
combined procedure might prove to be 
feasible. 

I believe that vortex vein decom- 
pression, which differs from Gass’ 
sclerectomy and sclerotomy procedure 
only in that the sclerectomy is carried 
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‘Localized Suprachoroidal Hematomas 


Ophthalmoscopic Features, Fluorescein Angiography, 


James J. Augsburger, MD; Thomas D. Coats; Kyra Lauritzen, DM 


©  @ We describe the ophthalmoscopic 

‘characteristics, fluorescein angiographic 
-> features, and clinical course of four pa- 
-> tients with a localized suprachoroidal he- 


- matoma. Each of the four patients devel- 


oped a darkly pigmented fundus lesion a 
short time following uncomplicated in- 
traocular surgery. In every case, the le- 
_ Sion appeared ophthalmoscopically simi- 
lar to a choroidal malignant melanoma. 
However, fluorescein angiography 


. showed neither choroidal fluorescence 


_ blockage nor the double-circulation pat- 
- tern characteristic of choroidal melano- 
- mas. Instead, each lesion exhibited a 
_ central fluorescein pattern similar to that 
of the surrounding uninvolved choroid, 
relative marginal hypofluorescence, and 
= overlying choroidal folds. Ultrasonog- 
raphy revealed acoustic hollowness of 
each lesion without choroidal excava- 
tion. The lesions disappeared completely 
within 1 to 2 months, leaving no visible 
_ trace. We discuss the differential diagno- 
- sis of these lesions and stress the diag- 
- nostic value of fluorescein angiography. 
(Arch Ophthalmol. 1990;108:968-972) 


T'he localized suprachoroidal hemato- 
= — ma is a benign lesion of the ocular 

fundus consisting of a loculated collec- 
tion of blood in the suprachoroidal 
space. Relatively few lesions of this 
type have been described clinically, 
and the condition is not well recognized 
among ophthalmologists. We believe 
the localized suprachoroidal hematoma 
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is a distinct entity that can generally 
be distinguished clinically from choroi- 
dal malignant melanomas, large cho- 
roidal nevi, and subretinal and sub- 
pigment epithelial hematomas on the 
basis of ophthalmoscopically detectable 
characteristics, fluorescein angio- 
graphic features, ophthalmic historical 
setting, and clinical course. 

We describe the cases of four pa- 
tients with this entity, review the per- 
tinent literature on this condition, and 
emphasize the differential diagnostic 
value of fluorescein angiography in this 
disorder. 


REPORT OF CASES 


CASE 1.—An asymptomatic 61-year-old 
white woman was found to have a previous- 
ly undetected choroidal mass in her left eye 
on a postoperative examination 1 month 
after uncomplicated cataract extraction 
with intraocular lens implantation. The pa- 
tient had bilateral primary open angle glau- 
coma of several years’ duration and had 
previously undergone bilateral trabeculec- 
tomy (in the left eye, 2 years previously; in 
the right eye, 6 months previously). At the 
time of her presentation, she was taking 
acetazolamide tablets (250 mg) orally four 
times a day. Her medical history was 
unremarkable, 

Ophthalmic examination revealed best 
corrected visual acuities of 20/60 OD and 
hand motions in the left eye. Her intraocu- 
lar pressures were 18 mm Hg in each eye by 
applanation tonometry. Slit-lamp examina- 
tion revealed a deep anterior chamber, a 
well-positioned intraocular lens, and clear 
aqueous in the left eye. There was a patent 
superior peripheral iridectomy in both eyes, 
with an associated superior conjunctival 
filtering bleb. Optie dise evaluation re- 
vealed bilateral pronounced glaucomatous 
cupping. Binocular indirect ophthalmoscopy 
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and Clinical Course 


revealed a gray-brown lesion (Color Fig 1) 
in the inferior midperiphery of the left eye. 
The lesion was located approximately 3.5 
mm from the optie dise and was estimated 
to be 9.5 x 8.5 mm in basal dimension by 2.5 
mm thick. There were choroidal folds on the 
surface of the lesion. The right fundus 
appeared unremarkable except for the optic 
disc changes. 

Fluorescein angiography (Fig 1) re- 
vealed normal choroidal vascular filling in 
the arterial phase (Fig 1, left) and homoge- 
neous diffuse fluorescence similar to that of 
the surrounding normal choroid during the 
remainder of the study (Fig 1, right). There 
was no late leakage or staining of the lesion. 
Several faint curvilinear hypofluorescent 
folds oriented horizontally on the surface of 
the lesion (Fig 1, right) corresponded to the 


‘ophthalmoscopically noted choroidal folds. 


B-scan ultrasonography revealed a 
smooth, dome-shaped sonolucent mass, 
There was no choroidal excavation. A-scan 
ultrasonography showed low-amplitude in- 
ternal reflectivity of the mass. 

Our clinical diagnosis was localized supra- 
choroidal hematoma. A conservative ap- 
proach with observation only was advised. 
By follow-up examination 6 weeks later, the 
fundus lesion had resolved completely (Col- 
or Fig 2). Follow-up fluorescein angiogra- 
phy showed no abnormality corresponding 
to the prior lesion, 

CASE 2.—A 77-year-old white woman 
experienced sharp pain and blurred vision 
in her right eye 5 days after uneventful 
cataract extraction with posterior chamber 
lens implantation. She had undergone un- 
complicated cataract extraction with intrao- 
cular lens implantation in her left eye 3 
years earlier. She had been administered 
topical betaxolol hydrochloride (0.5%) for 
primary open angle glaucoma for several 
years prior to the recent cataract surgery, 
and her intraocular pressures had been 
controlled in the normal range prior to the 
surgery. The patient was in satisfactory 
general health but had a history of asthma, 
systemic hypertension, and mitral valve 





replacement surgery. Her systemic medica- 
tions at the time of presentation included 
minoxidil (2.5 mg/d) and furosemide (40 
mg/d). 

Ophthalmic examination revealed best 
corrected visual acuities of 20/30 OD and 
20/20 OS. Her intraocular pressures were 
21 mm Hg OD and 16 mm Hg OS by 
applanation tonometry. Slit-lamp biomi- 
croscopy of the right eye revealed a deep 
anterior chamber, a well-positioned posteri- 
or chamber intraocular lens, and trace cells 
and flare in the aqueous. The anterior seg- 
ment of her pseudophakic left eye appeared 
unremarkable. Binocular indirect ophthal- 
Color Fig 2.—Case 1. Same area of fundus moscopy of the right fundus revealed a 
shown in Color Fig 1 six weeks later; the dark well-defined, dome-shaped, light brown 
fundus lesion has resolved completely. mass (Color Fig 3) along the superotem- 
poral arcade 2.5 mm from the optic disce. 





Color Fig 1.—Case 1. Fundus lesion in the 
inferior midperiphery of the left eye. 





Color Fig 5.—Case 4. Dark fundus lesion lo- 
temporal to optic disc and macula; note the cated in the superior midzone of the right eye 


prominent obliquely oriented choroidal folds just penpnerai to: tha superotempong! rela 
along its macular margin. Color Fig 4.—Case 2. Same area of fundus vascular arcade. 


shown in Fig 2 two months later; note the total 
resolution of the fundus lesion superotem- 
poral to macula. There is a small blot intrare- 
tinal hemorrhage in the inferior maculopapil- 
lary bundle. 





Color Fig 3.—Case 2. Fundus lesion supero- 





Fig 1.—Case 1. Fluorescein angiogram of the lesion shown in Color Fig 1. Left, Retinal arterial filling phase frame showing 
visible choroidal blood vessels in the region of the dark fundus lesion. Right, Late laminar venous-phase frame showing 
relatively normal choroidal fluorescence corresponding to the lesion; hypofluorescent choroidal folds are evident on the 
surface of the lesion. 
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Fig 2.—Case 2. Fluorescein angiogram of the fundus lesion shown in 
Color Fig 3. This venous-phase frame shows homogeneous choroidal 
fluorescence corresponding to the fundus lesion, marginal hypo- 
fluorescence of the lesion, and prominent hypofiluorescent vertical and 
oblique choroidal folds on the surface of the lesion. 
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Fig 3.—Case 2. Ultrasonography displays of the lesion shown in Fig 2. Left, B-scan ultrasonogram showing smooth, dome- 
shaped cross-sectional contour of the lesion with acoustic hollowness. Right, A-scan ultrasonogram showing low- 
amplitude internal reflectivity of the lesion. 


This mass was approximately 13.5 12.5 
mm in basal dimension by 5.5 mm thick. 
There was no detectable associated retinal 
detachment. Both fundi were found to have 
prominent equatorial reticular pigmentary 
degeneration with drusen. 

Fluorescein angiography (Fig 2) re- 
vealed the lesion to be equally fluorescent 
relative to the adjacent normal choroid ex- 
cept at its margins, which remained rela- 
tively hypofluorescent throughout the 
study. There was no blockage of the vascu- 
lar pattern of the overlying retina, and 
there was no late staining of or within the 
lesion. Several curvilinear hypofluorescent 
choroidal folds were oriented vertically 
over the central portion of the lesion. 

B-sean ultrasonography (Fig 3, left) 
showed the lesion to have a smooth, dome- 
shaped cross-sectional contour with internal 
sonoluceney but without choroidal excava- 
tion. A-scan ultrasonography (Fig 3, right) 
revealed low-amplitude internal reflectivity 
within the mass. 

Our clinical diagnosis was localized supra- 
choroidal hematoma. The patient was ad- 
vised of the nature of the lesion and fol- 
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lowed up without intervention. On 
ophthalmic follow-up examination 2 months 
later, the mass was found to have resolved 
completely (Color Fig 4). There was only a 
slight residual color difference in the super- 
otemporal quadrant corresponding to the 
prior location of the mass. 

CASE 3.—A 73-year-old white man expe- 
rienced a sudden loss of vision in his left eye 
1 month following uncomplicated intracap- 
sular cataract extraction. He had under- 
gone cataract extraction from the right eye 
20 months earlier and had experienced no 
difficulties following that procedure. He 
had a history of bilateral primary open 
angle glaucoma of 10 years’ duration for 
which he was taking 0.5% timolol maleate 
drops twice a day. He was in good general 
health and had no known systemic illnesses. 
He was taking no systemic medications. 

Ophthalmic physical examination re- 


vealed best corrected visual acuities of 


20/30 OD and hand motions in the left eye. 
Intraocular pressures were 24 mm Hg OD 
and 26 mm Hg OS by applanation tonome- 
try. Slit-lamp biomicroscopy of the anterior 
segments showed a deep aphakic anterior 


chamber with clear aqueous in each eye. 

Fundus examination of the left eye by 
binocular indirect ophthalmoscopy revealed 
a 14 x 14x 2-mm homogeneous, gray-brown 
lesion located superior to the optic disc. The 
lesion extended circumferentially from ap- 
proximately the 10-o’clock meridian to the 
l-o’clock meridian and from approximately 
1.5 mm from the optic dise to the equator 
radially. There were prominent choroidal 
folds on the surface of the lesion. The optic 
disc was pale with prominent glaucomatous 
cupping. 

Fluorescein angiography (Fig 4) showed 
rapid filling and normal fluorescence of the 
lesion relative to the background choroid. 
The margin of the lesion remained relative- 
ly hypofluorescent, and prominent criss- 
crossing choroidal folds were evident on the 
surface of the lesion during the entire 
study. There was no blockage of the retinal 
vascular fluorescence. 

B-scan ultrasonography showed low re- 
flectivity within the mass and absence of 
choroidal excavation. 

Our clinical diagnosis was localized supra- 
choroidal hematoma. We advised continua- 
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Fig 4.—Case 3. Fluorescein angiogram of the fundus lesion superior 
to the optic disc and macula in the left eye. This 1-minute postinjection 
frame shows normal homogeneous choroidal fluorescence corre- 
sponding to the lesion and pattern of crisscrossing hypofluorescent 
choroidal folds on its surface. 


tion of the current ophthalmic medications 
and avoidance of aspirin-containing prod- 
ucts. Ophthalmic reexamination 2 months 
later revealed total resolution of the lesion. 

CASE 4.—An 81-year-old white woman 
was found to have a pigmented mass in her 
right fundus on routine postoperative eval- 
uation 4 weeks after uneventful extracapsu- 
lar cataract extraction with intraocular lens 
implantation. Her ocular history was essen- 
tially normal. Her medical history included 
systemic hypertension, a myocardial infarc- 
tion (18 years earlier), insulin-independent 
adult-onset diabetes mellitus, and asthma. 
In addition to insulin, her systemic medica- 
tions included diltiazem hydrochloride, hy- 
drochlorothiazide with triamterene, and 
chlorpropamide. 

Ophthalmic examination revealed best 
corrected visual acuities of 20/50 OU. Her 
intraocular pressures were 14 mm Hg OD 
and 18 mm Hg OS by applanation tonome- 
try. Slit-lamp examination of the right eye 
revealed a deep anterior chamber, a well- 
positioned posterior chamber intraocular 
lens, and minimal postoperative inflamma- 
tion. Indirect ophthalmoscopy revealed a 
homogeneous gray-brown lesion (Color Fig 
5) in the superior midzone of the right 
fundus. The lesion measured approximately 
7.05.5 mm in basal diameters by 1.5 mm 
thick, and extended to within 3.5 mm from 
the optic disc. Peripheral fundus examina- 
tion of each eye revealed minor equatorial 
reticular pigmentary alterations with dru- 
sen, which were most pronounced in the 
nasal midzone. 

Fluorescein angiography (Fig 5) showed 
relatively normal fluorescence of the central 
portion of the lesion compared with the 
adjacent normal choroid; however, the mar- 
ginal portion of the lesion remained hypo- 
fluorescent. Curvilinear hypofluorescent 
choroidal folds were oriented horizontally 
over the surface of the lesion. There was no 
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surface. 


late leakage or staining of the lesion. B-scan 
ultrasonography revealed a smooth-sur- 
faced, minimally elevated sonolucent mass. 
Our clinical diagnosis was localized supra- 
choroidal hematoma. We advised periodic 
observation only. At follow-up examination 
2 weeks later, the lesion did not appear 
appreciably changed. Unfortunately, the 
patient died suddenly of an acute myocardi- 
al infarction 2 weeks later (4 weeks after 
the initial presentation), so later follow-up 
was not possible. 


COMMENT 


Each of the four patients described 
above was found to have a previously 
unrecognized fundus lesion within 1 
month following uncomplicated cata- 
ract extraction. All of the patients 
were over 60 years of age. Three of the 
four patients had preexistent primary 
open angle glaucoma in the affected 
eye. Three of the four patients experi- 
enced ocular symptoms attributable to 
the lesion (mildly to markedly de- 
creased vision or sharp pain in the 
involved eye or both). The lesions ap- 
peared as homogeneously dark masses 
with well-defined margins. They 
ranged from 75.5 mm to 14x 14 mm 
in basal diameters and from 1.5 to 5.5 
mm thick. The lesion was located along 
the superotemporal retinal vascular 
arcade in three of the four patients and 
was largely if not entirely posterior to 
the equator in all four. Normal choroi- 
dal blood vessels were evident ophthal- 
moscopically in all of the lesions. Cho- 
roidal folds were present on the 
surface of each lesion. 

Fluorescein angiography revealed a 


Fig 5.—Case 4. Fluorescein angiogram corresponding to the fundus 
lesion shown in Color Fig 5. This venous-phase frame shows the 
normally fluorescent central portion of the lesion, hypofluorescent 
marginal zone, and well-defined hypofluorescent choroidal folds on its 


consistent pattern of prompt choroidal 
vascular filling and sustained normal 
choroidal fluorescence corresponding 
to the lesion. The margin of each lesion 
remained relatively hypofluorescent 
throughout the study. All four lesions 
had prominent overlying hypofluores- 
cent choroidal folds that did not extend 
beyond the lesion’s margins. There 
was no late staining of any of the 
lesions. 

All of the lesions had a biconvex 
cross-sectional shape with acoustic hol- 
lowness but no choroidal excavation on 
B-scan ultrasonography. All four le- 
sions had low-amplitude internal re- 
flectivity on A-scan ultrasonography. 

The principal differential diagnosis 
of localized suprachoroidal hematoma 
includes choroidal malignant melano- 
ma, large choroidal nevus, subretinal 
hematoma, and sub-pigment epithelial 
hematoma. Although small- to medi- 
um-sized choroidal melanomas and lo- 
calized suprachoroidal hematomas can 
appear quite similar ophthalmoscopi- 
cally and on B-scan ultrasonography, 
these lesions appear substantially dif- 
ferent on fluorescein angiography. Un- 
like the localized suprachoroidal hema- 
tomas described in this report, the 
typical choroidal melanoma exhibits 
large-caliber intralesional blood ves- 
sels against a hypofluorescent back- 
ground in the early frames of the 
study. The intralesional blood vessels 
of choroidal melanomas characteristi- 
cally leak progressively during the 
study, resulting in late hyperfluores- 
cence of the lesion and often a pattern 
of multiple hyperfluorescent dots on 
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the surface of the tumor. Choroidal 
~ folds are infrequently associated with 
. choroidal melanomas, and those that 
< have them usually exhibit them at 
their margins rather than on their 
> surface. Large choroidal nevi usually 
do not contain prominent intralesional 
blood vessels, so lesions of this type 
characteristically appear relatively hy- 
pofluorescent throughout all phases of 
fluorescein angiography; however, 
drusen on the surface of such lesions 
may stain in the late frames of the 
study. Since blood beneath the retina 
and retinal pigment epithelium blocks 
choroidal fluorescence on fluorescein 
angiography, both subretinal and sub- 
retinal pigment epithelial hematomas 
_ typically appear intensely hypofluores- 
cent throughout all phases of fundus 
fluorescein angiography. 
a Although expulsive choroidal hemor- 
= Yhages and massive nonexpulsive su- 
<>  prachoroidal hemorrhages are both 
reasonably well-known clinical enti- 
_ ties,’ to our knowledge, relatively few 
- localized suprachoroidal hematomas of 
-o the type we describe in this article 
_ have been reported.” The largest se- 
- ries of cases of this type reported to 
_ date is that of Hoffman and cowork- 
ers.” These authors described 16 eyes 
_ that developed a “limited choroidal 
- hemorrhage” following intracapsular 
- eataract extraction. Unfortunately, 
- the quality of the illustrative fundus 
_ photographs accompanying their arti- 
ele is not particularly good. Further- 
more, fluorescein angiograms were not 
presented, and the fluorescein angio- 
graphic features of such lesions were 
not described. 

Morgan and Gragoudas’ reported 
= three similar cases, which they re- 
— ferred to as “limited choroidal hemor- 
- rhages” and “limited hemorrhagic cho- 
=- roidal detachments.” These authors 
presented two frames of a fluorescein 
_ angiogram on one of their cases; how- 
ever, their description of the findings 
was limited to the comment: “On fluo- 
rescein angiography, minimal hyper- 
fluorescence of the lesion was seen 
without leakage on the late pictures.” 
In fact, the fluorescein angiogram ap- 
pears to show relatively normal fluo- 
_ rescence of the mass compared with 
the surrounding choroid and a pattern 
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of choroidal folds on its surface identi- 
cal to that noted in our cases. As in our 
series and that of Hoffman and co- 
workers,’ all of the lesions they de- 
scribed resolved within a 4- to 6-week 
follow-up interval without visible al- 
terations in the overlying retina er 
retinal pigment epithelium. 

More recently, Williams and coau- 
thors’ reported a case that appears 
virtually identical to our cases except 
for the absence of recent prior intrao- 
cular surgery. The fluorescein angio- 
gram of their case reveals features 
similar to those shown in our cases. 

The articles by Hoffman and coau- 
thors’ and Morgan and Gragoudas’ dis- 
cussed the probable mechanism for de- 
velopment of localized suprachoroidal 
hematomas in some detail. The general 
consensus appears to be that lesions of 
this type arise from spontaneous rup- 
ture of a branch of a short or long 
posterior ciliary artery. Hoffman and 
coworkers identified high myopia, sys- 
temic hypertension, and atherosclerct- 
ic cardiovascular disease as important 
risk factors for the occurrence of sueh 
lesions. They did not find any associa- 
tion with primary open angle glauco- 
ma. In contrast, two of the three pa- 
tients described by Morgan and 
Gragoudas and three of the four pa- 
tients in our series had preexistent 
primary open angle glaucoma. None of 
our patients was highly myopic. The 
refractive status of Morgan and Gra- 
goudas’ patients was not specified in 
their article. One of the three patients 
in Morgan and Gragoudas series and 
all four of the patients in our series had 
undergone uncomplicated intraocular 
surgery within 1 month prior to the 
detection of the fundus lesion. In con- 
trast, the patient described by Wil- 
liams and coworkers’ and one of the 
patients described by Morgan and Gra- 
goudas had not previously undergone 
any intraocular surgery. The patient 
described by Morgan and Gragoudas 
was taking warfarin sodium for cardi- 
ac valvular disease at the time of de- 
velopment of her fundus lesion, while 
the patient described by Williams aad 
coauthors had systemic hypertension 
as the only recognized underlying risk 
factor. 

Regarding terminology, prior au- 





thors have generally used the terms 
limited choroidai hemorrhage and lim- 
ited hemorrhagic choroidal detach- 
ment to identify lesions of this type.*° 
We prefer the term localized supra- 
choroidal hematoma over limited cho- 
roidal hemorrhage, because the for- 
mer designation precisely identifies 
the anatomic location of the blood col- 
lection and the posthemorrhagic na- 
ture of the lesion while the latter term 
does not. We also prefer our terminol- 
ogy over limited hemorrhagic choroi- 
dal detachment, since a choroidal de- 
tachment is commonly regarded as 
involving both the choroid and ciliary 
body.° 

The localized suprachoroidal hema- 
toma is a distinct clinical entity that 
can usually be distinguished from a 
choroidal melanoma, large choroidal 
nevus, and subretinal or sub~retinal 
pigment epithelial hematoma on the 
basis of its characteristic fundus fluo- 
rescein angiographic features. The 
presence of choroidal folds on the sur- 
face of these lesions appears to be a 
particularly helpful diagnostic sign. 
We recommend that a patient with a 
clinically suspected localized supra- 
choroidal hematoma be monitored 
without intervention for at least 1 to 2 
months following diagnosis to allow 
assessment of the course of the lesion. 
If the lesion fails to resolve over a 2- 
month interval after initial detection, 
one should carefully reconsider the dif- 
ferential diagnosis. 
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Vitrectomy and Internal Drainage 


Edward C. Wade, MD; Harry W. Flynn, Jr, MD; 
=- Karl R. Olsen, MD; Mark S. Blumenkranz, MD; Don H. Nicholson, MD 


= ` @ We reviewed 14 consecutive cases of 
; -subretinal hemorrhage involving the mac- 
-ula, in which surgery to remove the hem- 
rrhage was performed by the authors be- 
ween February 1984 and January 1989. 
l | patients underwent pars plana vitrec- 
omy and internal subretinal hemorrhage 
< drainage. The causes of subretinal hemor- 
= yhages in group 1 were primary rheg- 
matogenous retinal detachments (three 
eyes), complications from scleral buckling 
procedures (three eyes), traumatic retinal 
detachments (two eyes), and sickie cell 
_..  fetinopathy associated with anticoagula- 
—- * Won therapy after a pulmonary embolus 
--: {one eye). Group 2 consisted of five eyes 
=- with massive subretinal hemorrhage asso- 
= ciated with age-related macular degener- 
a 7 ation. in group |, recurrent postoperative 
-o o retinal detachment occurred in five eyes 
<- put reattachment was achieved in eight of 
=o the nine eyes, and final visual acuities 
“3... were 20/400 or better in those eight eyes. 
-in group 2, marked subretinal fibrosis oc- 
- -> curred in two eyes. Although three eyes 
= had improved visual acuities, final visual 
“= acuities were 5/200 or worse in all five 
eyes. 
(Arch Ophthalmol. 1990; 108:973-978) 
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Qubretinal hemorrhages may occur 
from a variety of etiologies, includ- 
ing age-related macular degeneration 
(ARMD), trauma, macroaneurysms, 
intraocular tumors, sickle cell disease, 
retinal tears in primary rhegmatoge- 
nous retinal detachments, and as com- 
plications of scleral buckling proce- 
dures. There may be return of good vi- 
sual acuity if the hemorrhage is 
localized and thin layered, even if it is 
directly under the fovea.'? However, 
when the subretinal hemorrhage in- 
volves the macula and is diffuse and 
thick, final visual acuity is often very 
poor.** A recent review of subretinal 
hemorrhages involving the fovea 
found the average final visual acuity to 
be 20/500, and thick hemorrhages, par- 
ticularly when associated with ARMD, 
had a very poor visual prognosis (mean 
visual acuity, 20/1700).!° 
There are a few reports in the liter- 
ature describing internal drainage of 
subretinal hemorrhages. We re- 
viewed the techniques, complications, 
and visual results in 14 cases of sub- 
retinal hemorrhage involving the mac- 
ula that were managed with pars plana 
vitrectomy and internal drainage. 


SUBJECTS AND METHODS 


Between February 1984 and January 
1989, 14 consecutive patients with subreti- 
nal hemorrhages involving the macula un- 
derwent surgery by one of the authors. This 
surgery consisted of pars plana vitrectomy 
and internal drainage of the hemorrhage. 
All subretinal hemorrhages involved the 
center of the macula, causing substantial 
central visual acuity loss (Tables 1 and 2). 
Visual field testing was not routinely per- 
formed in this series. 
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We divided the cases into two groups 
based on the etiology of the hemorrhage. 
Group 1 consisted of nine eyes with total or 
near-total retinal detachment and group 2 
consisted of five eyes with posterior pole 
retinal detachment from subretinal hem- 
orrhage in eyes with ARMD. No cases of di- 
abetic tractional and rhegmatogenous ret- 
inal detachment with vitreous hemorrhage 
and minimal subretinal blood were in- 
cluded, nor were cases of expulsive choroi- 
dal hemorrhage or similar hemorrhagic 
choroidal detachments. 

The subretinal hemorrhages were. 
present from 1 hour to 6 weeks in group 1 
patients and 3 days to 7 weeks in group 2 
patients prior to the surgical procedure 
(Tables 1 through 4). After the initial ex- 
amination, patients were usually scheduled 
for surgery on the next convenient operat- © 
ing day and were not treated as emergency © 
cases. However, in two cases (group 1, cases _ 
4and 5), major subretinal hemorrhages oC- 
curred as a complication of a scleral buck- — 
ling procedure and these patients under- . 
went pars plana vitrectomy and internal — 
drainage of the subretinal hemorrhage at 
the same operative procedure. g 

Because of the diverse causes of the sub- _ 
retinal hemorrhages, the indications for 
surgery varied. In all cases, the operating - 
surgeon made the determination that the ~ 
subretinal hemorrhage was marked in ex- 
tent (=5 dise diameters in greatest dimen- 
sion), unlikely to resolve spontaneously, 
and likely to result in a significant macular 
dysfunction. Additionally, the authors pre- 
viously observed breakthrough vitreous 
hemorrhage in such cases leading to sus- 
tained loss of vision from nonclearing vit- 
reous hemorrhage. During the period of 
this review, many patients with limited _ 
subretinal hemorrhage were observed | 
without surgery. The most frequently en- - 
countered cases in this observed group were 
patients with age-related macular degen- 
eration and ambulating visual acuity (=5/ 
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Table 1.—Preoperative Ocular Characteristics and Initial Operative Procedure 
in Group 1* 


Age, y/ Visual 
Patient Sex Acuity 


1 74/M HM 


73/F 20/80 


1/200 


SBP complication 


Traumatic cataract 


wound 
dehiscence 


Perforating injury 


(shotgun pellet) 


SBP complication 


SBP complication 


Operative Procedure 
for SRH 


PPV, PPL, FGE, endolaser 
treatment 


PPV, PPL, FGE, 
endodiathermy to 
bridging vessel, 
cryoretinopexy, SBP 

PPV, PPL, FGE, endolaser 
treatment, SBP 


PPV, drainage retinopathy, 
FGE, postoperative 
photocoagulation 

PPL, PPV, prone FGE, 
postoperative 
photocoagulation 

_1) Neodymium-YAG 
retinopathy / SF, gas 
injection; 2) PPV, FGE, 
scleral buckle revision, 
endolaser treatment 

PPV, FGE, cryoretinopexy, 
SBP 


Duration 
of SRH 


3 wk 


PPV, PPL, drainage 
retinotomy, FGE, 
endolaser treatment 





SC disease 


(anticoagulation 





therapy) 


PPV, drainage retinopathy, 
FGE, endolaser 
treatment 


* SRH indicates subretinal hemorrhage; HM, hand motions; RRD, rhematogenous retinal detachment; PPV, 
pars plana vitrectomy; PPL, pars plana lensectomy; FGE, fluid/ gas exchange; SBP, scleral buckle procedure; 


LP, light perception; and SC, sickle cell. 


tA second operative procedure for SRH drainage was performed 24 hours following an initial Neodymium- 


YAG retinotomy. 
This case was previously reported. '® 


Table 2.—Preoperative Ocular Characteristics and Initial Operative Procedure 
in Group 2* 


Visual Acuity 
a TTT 
Fellow 
Eye 
20/200 


Age, 
y/ Operated 


Patient Sex Eye 


20/200 7 wk 


LP 


HM 20/200 


67 /F 


2/200 20/30 


Duration 
of SRH 


2 wk 


5 wk 


Operative Procedure 
For SRH 


PPV, PPL, three drainage retinotomies, 
FGE, transvitreal cryoretinopexy, 
silicone oil injection 

PPV, PPL, two drainage retinotomies, 
FGE, endolaser treatment 

PPV, two drainage retinotomies, FGE, 
endolaser treatment, silicone oil 
injection 


3d PPV, two drainage retinotomies, FGE, 


endolaser treatment, silicone oil 
injection 


3d PPV, drainage retinotomy, FGE, 


endolaser treatment, silicone oil 
injection 





* SPH indicates subretinal hemorrhage; HM, hand motions; PPV, pars plana vitrectomy; PPL, pars plana 
lensectomy; FGE, fluid/gas exchange; and LP, light perception. 


200). Only surgical cases are included in this 
report. 

Of the nine eyes in group 1, three had 
primary rhegmatogenous retinal detach- 
ments with subretinal and vitreous hemor- 
rhages (Fig 1). Three eyes had subretinal 
hemorrhages occur as complications of 
scleral buckling procedures (Fig 2), and two 
eyes had traumatic retinal detachments 
with subretinal and vitreous hemorrhages. 
One eye had vitreous and subretinal hem- 
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orrhage from proliferative sickle retinopa- 
thy at a time when the patient received an- 
ticoagulant therapy after a pulmonary em- 
bolus (Fig 3). In group 1, all eyes had 


preoperative visual acuities of 1/200 (Table 


1) or worse except case 4. This patient pre- 
operatively had visual acuity of 20/80 with 
a superior retinal detachment that bisected 
the center of the macula and developed a 
subretinal hemorrhage during a scleral 
buckling procedure. 


Fig 1.—Group 1, case 2. Left, B scan of rheg- 
matogenous retinal detachment with subretinal 
and vitreous hemorrhage. Right, Ophthalmo- 
scopic appearance of the posterior pole 20 
months later with an attached retina, macular 
pigmentary changes, and mild perisilicone pro- 
liferation. 


Fig 2.—Group 1, case 6. Left, Ophthalmo- 
scopic appearance of the subretinal hemor- 
rhage occurring from a complication of a 
scleral buckle procedure. Right, Three years 
later, the retina is attached following two addi- 
tional surgical procedures, including removal of 
an epiretinal membrane. 


Fig 3.—Group 1, case 9. Left, Ophthalmo- 
scopic appearance 2 weeks after internal 
drainage of the subretinal hemorrhage due to 
sickle cell retinopathy showing a small amount 
of residual subretinal hemorrhage. Right, One 
year later, the subretinal hemorrhage has 
resolved and persistent traction along super- 
otemporal arcade is present. 


Fig 4.—Group 2, case 2. Left, Ophthalmo- 
scopic appearance of the subretinal hemor- 
rhage secondary to age-related macular de- 
generation. Additional subretinal hemorrhage 
and breakthrough vitreous hemorrhage 
caused the visual acuity to drop from 20/400 
to light perception prior to surgical intervention. 
Right, Ophthalmoscopic appearance of the 
posterior pole 1 month after the pars plana vit- 
rectomy and drainage of subretinal hemor- 
rhage. Visual acuity was hand motions be- 
cause of subretina! fibrosis and a large disci- 
form macular scar. 


All five patients in group 2 had ARMD. 
The subretinal hemorrhage caused sub- 
stantial macular retinal detachment (Fig 4) 
and all eyes had preoperative visual acu- 
ities of 2/200 or worse (Table 2). Fellow eyes 
had visual acuities of 20/200 or worse in 
three of five of the ARMD patients. 

We performed a three-port pars plana 
vitrectomy using bimanual instrumenta- 
tion in all eyes. A pars plana lensectomy 
was performed if a significant lens opacity 
was present (seven eyes). After removal of 
the formed vitreous, all identified retinal 
tears were marked with intravitreal dia- 
thermy. The technique of subretinal hem- 
orrhage drainage will be further described 
for groups 1 and 2. Fluid-air exchange, 
endophotocoagulation around all retinal 
breaks, and infusion of a nonexpanding 
mixture of gas for extended tamponade of 
retinal breaks was then performed. All pe- 
ripheral retinal breaks were supported 
with a scleral buckle. 

In group 1, we performed internal drain- 
age of the subretinal hemorrhage through 
a preexisting retinal tear in five eyes and 
through a posterior drainage retinotomy in 
three eyes; spontaneous drainage of subret- 
inal blood occurred through a giant retinal 
tear during the prone fluid-air exchange in 
one eye (case 5). To evacuate the subretinal 
hemorrhage in group 1 eyes, we used the 
cannulated extrusion needle alone in six 
eyes (cases 1 through 3, 6, 7, and 9) and in 
combination with forceps in one eye (case 
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Figure 2 





Figure 3 





Figure 4 
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Complications 








Postoperative Follow-up, . 
Patient Visual Acuity mo 










Comments 
Refused further surgery due 


Operative Postoperative 
None Recurrent RRD 




















with PVR to poor health 
None Recurrent RRD Reattached after 2 additional 
with PVR operations (the second 






used silicone oil) 


ERM peeled, PC IOL sutured 
to ciliary sulcus 


| 4 20/40 9 None None nee 


None None NVI occurred in sector of 
residual anterior retinal flap 
of giant retina! tear 
1) Recurrent RRD Reattached after 2 additional 
with PVR operations (persistent 
CME) 


ERM 





3 20/80 6 None 
















None 







2) Macular 
pucker 


Recurrent RRD 













Reattached with FGE and 
laser treatment 


7 20/200 5 None 







None 


Recurrent 
tracticnal and 
RRD and NVG 


None 
None 


8 20/50 


20/100 






Reattached with PPV, 
lensectomy, SBP; NVG 
controlled with PRP and 
endocyclophotocoagulation 
















"LP indicates light perception; RRD, rnegmatogenous retinal detachment; PVR, proliferative vitreoretinopa- 
_ thy: ERM, epiretinal membrane; PC IOL; posterior chamber intraocular lens; NVI, neovascularization of the iris; 
CME, cystoid macular edema; FGE, fluid/gas exchange; PPV, pars plana vitrectomy; SBP, sclera buckle pro- 
cedure; NVG, neovascular glaucoma; and PRP, panretinal photocoagulation. 


Complications 










Pa- Postoperative a 
tient Visual Acuity Operative Postoperative Comments 


















Large disciform scar 
postoperatively 


Marked subretinal 
fibrosis 





6 inadvertent 
retinectomy by 
extrusion needie 


12 None 


§/200 



















Recurrent SRH 
and marked 
subretinal 

fibrosis 


Additional surgery to 
remove subretinal fibrosis 
resulted in retinal and/or 
optic nerve damage 


Disciform scar present 


Small, organized, subfoveal 
PED, SRH treated with 
light diathermy 

















Small recurrent 
SRH on POD 1 
(< 10% of 
original volume) 


Smali, recurrent 
SRH on POD 1 





2 Limited return of 
SRH 


4 5/200 
















Smail disciform scar, SRH 
treated with light 
diathermy 


~ * NLP indicates no light perception; SRH, subretinal hemorrhage; HM, hand motions; PED, pigment epithelial 
jetachment; and POD, postoperative day. Patients t through 5 had 6, 12, 6, 2, and 3 months of follow-up, re- 
spectively. 


3 Limited return of 


SRH 


























required to extract the subretinal clot. 

In group 2, two or three posterior drain- 
age retinotomies were used to evacuate the 
subretinal hemorrhage in the posterior pole 
(Table 2). The drainage retinotomy was 
created with transvitreal diathermy and 
was initally about 1 mm in size. Frequently, 
the retinotomy enlarged slightly during 
maneuvers to extract the subretinal blood 
clot. The retinotomies were created at least 
two disc diameters away from the center of 
the macula and were located in an area of 
substantial subretinal hemorrhage. 

The majority of the subretinal blood in 
these group 2 eyes was removed by the use 
of a standard extrusion needle in three eyes 


4). A standard 20-gauge extrusion needle 
` was used for subretinal hemorrhage drain- 
< age in one eye (case 8). It was possible to 
=- remove most of the liquid hemorrhage 
= through the extrusion needle; however, 
- there was often a small amount of orga- 
nized hemorrhage that could not be re- 
moved completely (case 9, group 1: Fig 3). In 
one of the eyes that developed a subretinal 
hemorrhage during a scleral buckling pro- 
. cedure, a vitrectomy and internal drainage 
<. was performed within 1 hour of the hemor- 
< rhage. In this case (case 4, group 1), the 
<- blood was densely clotted and was impossi- 
ble to remove with the extrusion needle 
alone; therefore, intraocular forceps were 


976 Arch Ophthaimol—Vol 108, July 1990 





(cases 3 through 5) and by the cannulated 
extrusion needle alone in one eye (case 2). 
The firm consistency of the clot required the 
use of forceps in combination with the can- 
nulated extrusion needle in one eye (case 1). 
A fluid-air exchange was performed after 
the subretinal hemorrhage drainage in four 
eyes, and in one eve (case 2), a fluid-air ex- 
change was performed simultaneously with 
subretinal hemorrhage drainage. Endopho- 
tocoagulation was applied around all retin- 
otomies. A long-acting retinal tamponade 
was then injected, Silicone oil was used in 
four eyes and a nonexpanding mixture of 
filtered air and C,F, gas was used in the re- 
maining eye (case 2). 

In four eyes in group 2, silicone oil was 
selected to provide extended retinal tam- 
ponade in elderly patients in whom addi- 
tional vitreoretinal surgery was not desir- 
able, and to provide clear media during the 
postoperative period to allow early fluores- 
cein angiography and/or laser treatment if 
indicated. In case 4 (group 2), fluorescein 
angiography was performed during the 
postoperative course but no additional laser 
treatment was applied, because leakage 
was diffuse. 


RESULTS 


In group 1 (retinal detachment 
eyes), follow-up ranged from 5 to 36 
months (mean, 17 months). No intra- 
operative complications occurred in 
group 1 eyes and all nine eyes had an 
initially successful intraoperative ret- 
inal reattachment. Retinal detach- 
ment recurred in five eyes (Table 3), all 
of which were successfully reattached 
with further surgery except for one in 
a patient who refused surgery due to 
poor health (case 1). Three eyes had a 
repeat pars plana vitrectomy, air-fluid 
exchange, and endolaser photocoagu- 
lation to retinal breaks followed by in- 
fusion of a nonexpanding mixture of a 
long-acting gas (C,F,) in two eyes (cas-~ 
es 6 and 9) and silicone oil in one eye 
(case 2). One eye had a fluid-air ex- 
change and photocoagulation to the 
crest of the scleral buckle (case 7). 
Successful long-term (=6 months) ret- 
inal reattachment was achieved in 
eight of nine eyes. Final visual acuities 
were 20/400 or better in these eight 
eyes (Table 3). 

In group 2 (ARMD eyes), follow-up 
ranged from 2 to 12 months (mean, 6 
months). Intraoperative complica- 
tions included return of some subreti- 
nal hemorrhage in two eyes prior to 
the completion of the case (cases 4 and 
5). This hemorrhage appeared to orig- 
inate from the choroid and, as much as 
possible, was removed with the extru- 
sion needle. Case 1 had a partial reti- 
nectomy when active suction through 
the cannulated extrusion needle was 
performed without visualization of the 
tip of the subretinal cannula. Postop- 
eratively, two eyes developed marked 
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subretinal fibrosis (cases 1 and 2) as 


=... part of the disciform macular disease 
= process. Case 2 developed marked sub- 





~ retinal fibrosis following a postopera- 


-> -tive recurrent subretinal hemorrhage 
-and progressed to a tractional retinal 

=- detachment due to a broad “napkin 
= oring” contracture creating detach- 
-oe ment at the retinal insertion into the 
~.. optic dise (Fig 4). A repeat pars plana 







vitrectomy with a large superior reti- 
notomy and extraction of the subretin- 
al sear was performed in this eye, 
which lost light perception postopera- 
tively. Recurrent subretinal hemor- 
rhages occurred in three eyes (cases 2, 


* .. 4, and 5), two of which were small and 
did not appear to alter the final out- 
-. eome.Ingroup2, final visual acuitiesim- 
~- - proved in three of five eyes. These three 
<- -eyes achieved a visual acuity of 5/200 


(Table 4). Final visual acuity was lim- 
ited by the recurrent subretinal hemor- 
rhage, subretinal fibrosis, scars in four 
eyes, and by presumed retinal and/or 
optic nerve damage during removal of 
a large subretinal scar in case 2. 


COMMENT 


Age-related macular degeneration 
is one of the most common causes of 
subretinal hemorrhage. Patients with 
marked subretinal hemorrhage sec- 
ondary to ARMD usually have a very 
poor visual prognosis.‘*'*!7!8 This is 
due, in part, to the disciform degener- 
ative process underlying the macula, 
as well as the effects of blood products 
on the overlying retina. Subretinal 
hemorrhages occurring from other 
causes reportedly have a better visual 
prognosis if the subretinal blood is lo- 
calized and thin layered.’? 

Bennett and associates’ reviewed 
the natural history of subretinal hem- 
orrhages at least one disc diameter in 
size involving the fovea and found the 
mean final visual acuity to be 20/500. 
The two major prognostic factors pre- 
dictive of poor visual outcome were 
“thick” subretinal hemorrhages and 
hemorrhages due to ARMD, the latter 
group achieving a mean final visual 
acuity of 20/1700. It is difficult to com- 
pare natural history results in ARMD 
eyes with subretinal hemorrhages 
with our ARMD cases because of mul- 
tiple uncontrolled variables, including 
thickness and area of subretinal hem- 
orrhage, duration of subretinal hem- 
orrhage, presence of vitreous hemor- 
rhage, and visual acuity prior to the 
subretinal hemorrhage. The ARMD 
eyes in the series of Bennett and 


-A associates generally had better ini- 


tial visual acuities than the ARMD 


_.. . eyes in our series. Nine of 12 ARMD 
eyes had 2/200 visual acuity or better 





in the Bennett and associates’ series; 
one ARMD eye in our series had 2/200 
visual acuity preoperatively but the 
remaining four eyes had initial visual 
acuity of hand motions or worse. 

Glatt and Machemer” have shown in 
their rabbit animal model that early 
changes appear in the outer retina 24 
hours after the subretinal hemor- 
rhage. Severe degeneration of the 
outer retina with pyknosis and karyol- 
ysis of the outer nuclear layer occurs 3 
to 7 days later. They propose that the 
damaging effects of the subretinal 
blood are threefold: (1) iron toxicity, 
(2) mechanical barrier to metabolic 
exchange between the retinal pigment 
epithelium and retina, and (3) shear- 
ing forces on the photoreceptors as the 
clot organizes and retracts. The retinal 
degeneration was less severe in the cat 
model, suggesting that there may be 
species variations. If similar retinal 
changes occur this early in humans, it 
may beimportant to drain selected sub- 
retinal hemorrhages early. 

Hanscom and Diddie® recently re- 
ported early surgical drainage of mac- 
ular subretinal hemorrhage in one pa- 
tient with ARMD and in one patient 
with a retinal arterial macroaneu- 
rysm. The patient with the macroan- 
eurysm had an improvement in visual 
acuity from hand motions preopera- 
tively to 20/80 postoperatively. The 
patient with ARMD had an improve- 
ment in visual acuity from counting 
fingers preoperatively to 20/400 post- 
operatively. In another report, 
Slusher’* reviewed the results of sur- 
gical removal of subretinal hemor- 
rhage involving the macula in three 
cases of ARMD, one eccentric disci- 
form process, and one macroaneurysm 
case. The postoperative visual acuity 
improved in two of the three ARMD 
cases and the final visual acuity ranged 
between 20/100 and 20/400. The long- 
term follow-up of these cases was not 
stated in either of these reports. 

Slusher" reported prompt timing as 
one of the most important aspects for 
achieving functional success. He 
stated that blood should be evacuated 
within 1 to 4 days to avoid photorecep- 
tor damage and clot organization with 
associated increased surgical trauma 
to the retina during the clot removal. 
Because of the diverse causes of the 
subretinal hemorrhage and because of 
the delay in patient referrals, the ideal 
timing for surgical intervention can- 
not be determined in our retrospective 
study. However, there was a trend to- 
ward better functional results with 
earlier intervention in our series. In 
group 1, cases 4, 5, and 8 achieved a 
postoperative visual acuity of 20/50 


with relatively early surgery (<5 
days) but these patients with retinal 
detachment did not have proliferative. 
vitreoretinopathy. In group 2, cases 1, 
4, and 5 achieved the best postopera- 
tive visual acuity (5/200) and had ear- 
lier surgery (two at 3 days and one at 
2 weeks). i 

DeJuan and Machemer”? described 
the use of pars plana vitrectomy, reti- 
notomy, and internal drainage of sub- 
retinal blood in selected patients with 
ARMD. Visual acuity in three of four 
patients improved postoperatively, 
but final visual acuities were 5/200 in 
two eyes, 2/200 in one eye, and hand 
motions in one eye, demonstrating the 
poor overall prognosis in these pa- 
tients. Two of the four patients devel-. 
oped retinal detachment with prolif- 
erative vitreoretinopathy postopera- 
tively. This reported high incidence of 
postoperative retinal detachment in 
ARMD eyes was considered in our de- 
cision to use silicone oil initially in four 
of our five group 2 eyes. | 

Our final visual results in ARMD 
eyes with subretinal hemorrhages 
were similar to those reported by 
deJuan and Machemer.” Two or three 
retinotomies were required to remove 
the subretinal hemorrhage, and active 
suction through the extrusion needle 
or forceps was required to remove. 
densely clotted blood. While marked 
subretinal fibrosis occurred in two 
eyes, none of the eyes had significant 
epiretinal proliferations. i 

Three of the five patients in group? 
had disciform scars with 20/200 visual 
acuity in the fellow eye. In these five 
patients, the operated eye remained 
the eye with poorer visual acuity dur- 
ing the postoperative follow-up. | 

Vision improved in three of the five 
operated eyes but final visual acuities 
were 5/200 in three eyes, hand motions. 
in one eye, and no light perception in 
one eye. While final vision was poor in 
these eyes, ambulatory visual acuity 
(=5/200) was achieved in three of five. 
patients. In view of the poor visual re- 
sults in these eyes, careful case selec- 
tion is necessary. Surgery may be more 
appropriate for the ARMD patient 
with very poor vision in the fellow eye 
and a recent loss of vision in the eye 
considered for surgery. 

In group 1, we found that the sub- — 
retinal hemorrhage could be removed | 
with the cannulated extrusion needle 
through a single preexisting retinal 
tear or drainage retinotomy in most 
eyes. While long-standing subretinal 
hemorrhages were mostly liquid, the 
more recent subretinal hemorrhages 
were densely clotted and evacuation . 
required delivery of the clot througha — 
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: fetinotomy (case 4). Although recur- 
rent retinal detachment occurred in 
five eyes, final retinal reattachment 
was possible in eight of nine eyes, with 
the one failure occurring in a patient 
who refused further surgery due to 
poor health (case 1). In group 1, final 
visual acuity was 20/400 or better in 
eight of nine eyes. 

- We believe there are theoretical ad- 
vantages in using the cannulated ex- 
trusion needle for drainage of the 
liquid component of the subretinal 
hemorrhage. The needle has a soft 
flexible silicone tubing that is less 
damaging to the retinal pigment epi- 
thelium and choroid than the rigid tip 
-of the conventional extrusion needle. 
-The extendable silicone cannula can be 
> inserted. beneath the surface of the 
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retina to reach subretinal blood that is 
distant from the retinotomy site. An- 
other advantage is that the preexisting 
peripheral retinal break may be used 
for drainage, making a posterior retin- 
otomy site unnecessary. Finally, the 
small internal diameter of the 24- 
gauge cannula (0.31 mm) makes it dif- 
ficult for the retina to become inear- 
cerated, although this may have oc- 
curred during active suction in case 1 
of group 2. Although the use of passive 
suction (venting hole open) is satisfac- 
tory In most cases, active suction is oc- 
casionally necessary to remove larger 
clots. Unless the tip of the tubing can 
be directly viewed to confirm that no 
retinal incarceration is occurring, this 
active suction in the subretinal space is 
not recommended. 
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Pars plana vitrectomy and internal 
drainage of subretinal hemorrhage 
ean achieve final retinal reattachment 
and improved postoperative vision in 
selected patients. In cases of subreti- 
nal hemorrhage associated with reti- 
nal detachments, the visual results 
were relatively good, with eight of nine 
patients achieving 20/400 visual acuity 
or better. In eyes with ARMD, the vi- 
sual results were poorer and were lim- 
ited by the macular disciform degen- 
erative process. 
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| Shoji Kishi, MD, Koichi Shimizu, MD 


è We examined the vitreous of 84 hu- 
man autopsy eyes by biomicroscopy af- 
ter staining the gel component with fluo- 
rescein and immersing the specimen in 
water. A noteworthy finding was the 
presence of a posterior precortical vitre- 


>» ous pocket that was basically located 


: immediately anterior to the posterior fun- 
‘dus surrounded by the temporal vascular 
rcades. The posterior wail of the poste- 
rior precortical vitreous pocket was com- 
posed of a thin layer of vitreous cortex. 





8 The anterior border was contoured by 


the formed vitreous. The posterior pre- 
cortical vitreous pocket seemed to ex- 


ae - pand or become confluent with adjacent 
lacunae in the vitreous. The posterior 


- precortical vitreous pocket was present 
in all of 48 eyes with no or incomplete 
posterior vitreous detachment and in 19 
of 36 eyes with posterior vitreous detach- 
ment. An oval-shaped defect of the pre- 
macular cortical vitreous was seen in 10 
of 36 eyes with posterior vitreous detach- 
ment. The posterior precortical vitreous 
pocket was consistently present in front 
of the macula regardless of the type of 


a; vitreous liquefaction. 


{Arch Ophthalmol. 1990;108:979-982) 


he macular area is an important site 

where a variety of vitreoretinal in- 
terface disorders, such as premacular 
membrane or macular hole, occur. The 
vitreoretinal interrelationship appears 
to be specific at the macula in numer- 
ous respects. 
~ We examined, in our earlier study, 
o> the retinal surface of human autopsy 
_.. eyes with posterior vitreous detach- 
ment (PVD).’ When seen by scanning 
electron microscopy, vitreous cortex 
remnants were observed in the macula 
at a high frequency. 

Worst’ argued that this cortical vit- 
reous would exist, separated from the 
vitreous gel, as the posterior wall of 
the bursa premacularis even before 
initiation of PVD. He defined the bur- 


_. ga premacularis as a premacular fun- 
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nel-shaped sack presumably filled with 
the aqueous humor. He claimed its 
anatomical presence by means of selec- 
tive white india ink injection. 

We developed a simple method of 
staining the formed vitreous with fluo- 
rescein in human autopsy eyes. 
Through biomicroscopie observation 
and documentation, we could prove the 
presence of a posterior precortical vit- 
reous pocket (PPVP) whose morpho- 
logical features seemed to be analo- 
gous to the bursa premacularis in 


human autopsy eyes at a high 
frequency. 
MATERIAL AND METHODS 


We examined the vitreous of 84 human 
autopsy eyes by biomicroscopy. All the eyes 
were from subjects over 65 years of age, 
except for two pairs from subjects aged 2 
and 28 years. Eyes with ocular disease or 
abnormalities were excluded from this 
study. 

The eyes were fixed in a mixture of 4% 
formaldehyde and 1% glutaraldehyde 
(Trumps fixative) within 24 hours after 
death. After vertical bisection, the tempo- 
ral halves of the eyes, including the macula 
and the dise, were submitted for study. The 
specimen was placed in water and stained 
with one drop of 10% fluorescein. The dye 
quickly spread in water and then permeated 
the vitreous gel. It took less than 10 min- 
utes for the staining of the whole vitreous 
to be completed. The specimen was then 
gently rinsed with water. This procedure 
resulted in staining of the gel component 
with fluorescein as the rest was washed 
out. The bisected calottes were then placed 
in glass containers filled with water for slit- 
lamp examination. 

We observed the vitreous structure as a 
vertical optical section. By scanning the slit 
beam horizontally, the whole of the bisected 
vitreous could be examined in the majority 
of specimens. Biomicroscopie photographs 
were taken with a photographic slit lamp 
(Kowa SC-6), using reversal film (Fuji- 
chrome 1600D). Since fluorescein slowly 
leaked from the vitreous gel into water in 
the bath, there was a time limitation for 
observation. Another rinsing was required 
in some specimens in case of excessive 
contamination. 


RESULTS 


The vitreous gel, when stained with 
fluorescein, appeared luminous green 
under illumination by the slit-lamp 


beam. The lacunae, or gel-free compo-. 
nents of the vitreous, were seen as- 
optically empty spaces. These con-. 
trasting features allowed a clear differ- 
entiation between the gel and lacunae 
of the vitreous. Since the specimens. 
were immersed in water, their physio- 
logical shapes were well preserved. By _ 
means of this procedure, the structure 
of the vitreous remained. visible, re- 
taining its normal configuration. Bh shen, 

Of the 84 eyes in the series, 36 
showed complete PVD, while 48 dis- 
played either no or only incomplete 
PVD. In some specimens, PVD 
seemed to be present on gross appear- 
ance. Biomicroscopic observation of 
these specimens with our method dis- 
closed a large lacuna instead of true 
PVD. | 

An outstanding finding through this 
study was the presence of precortical 
vitreous lacunae in front of the posteri- 
or fundus. This PPVP was confirmed 
in all 48 eyes with no or incomplete 
PVD. The configuration of the PPVP 
was widely variable, depending on the 
degree of liquefaction of the vitreous. 

In cases with minor liquefaction of 
the vitreous, the PPVP appeared asa | 
dome-shaped lacuna in front of the 
macula (Fig 1). The extent of its base 
was consistent with the posterior fun- ` 
dus area within the superior and inferi- 
or temporal vascular arcades. The pos- 
terior border of the PPVP was formed 
by a thin layer of vitreous cortex. The 
vitreous gel proper formed its anterior 
boundary, outlining a dome-shaped 
contour. | 

The eyes of the 2-year-old infant — 
seemed to show an initial stage of the 
PPVP in its evolution (Fig 2). A lique- 
fied vitreous containing collagen fibers 
was present in front of the macula. The 
anterior border of the PPVP was too 
obscure to allow definition of its con- 
tour. A very thin cortical vitreous, 
corresponding to the posterior hyaloid 
membrane, lay on the retinal surface — 
forming the base of the PPVP. 

In the eye with moderate liquefac- 
tion, the contour of the PPVP was no | 
longer dome-shaped, because the vit- - 
reous gel forming its anterior bound- 
ary became more liquefied and because 
the PPVP became confluent. with the 
adjacent lacunae in the vitreous (Figs 3 
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Fig 2.—An eye of a 2-year-old infant. Degen- 
erated collagen fibers (arrows) are visible 
within a small precortical area in front of the 
fovea (f), while the surrounding vitreous 
shows homogeneous appearance. The find- 
ings suggest an initial stage of the posterior 
precortical vitreous pocket. A membranous 
cortical vitreous (arrowheads) is slightly de- 
tached from the parafoveal retina. The anteri- 
or border of the posterior precortical vitreous 
pocket is too obscure to allow definition of its 
contour (original magnification x 6). 
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Fig 1.—An eye of a 28-year-old adult. Left, An 
optical section of the vitreous at temporal vi- 
cinity of the fovea (F). Formed vitreous 
stained by fluorescein appears luminous 
green. The posterior precortical vitreous 
pocket (p) in front of the macula appears as an 
optical empty space. The configuration of the 
posterior precortica!l vitreous pocket is dome- 
shaped. The formed vitreous surrounding the 
posterior precortical vitreous pocket shows 
no liquefaction. There is a thin layer of cortical 
vitreous (arrowheads) overlying the retina 
(original magnification, x 6). Right, Schemat- 
ic drawing of biomicroscopic finding. Arrows 
indicate the direction of the slit beam. 





Fig 3.—A senile eye with moderate vitreous liquefaction. Left, Gross appearance of half- 
dissected eye photographed with background illumination. The posterior precortical vitreous 
pocket (p) is seen as an optical empty space in front of the posterior pole. Its anterior extent is 
indicated by arrows. The formed vitreous is stained in green. Cortical vitreous (arrowheads) is 
slightly detached from the retina but attached at the fovea (F). The bright streak indicates the 
retinal reflex of the slit beam (R). D indicates optic disc (original magnification x 6). Right, 
Optical section of the same eye. Posterior wall of the posterior precortical vitreous pocket 
consists of a thin layer of cortical vitreous (arrows), which is slightly detached from the retina but 
attached at the fovea (original magnification x 6). 


Fig 4.—A senile eye with moderate vitreous 
liquefaction. Left, An optical section. Multiple 
liquefied lacunae are seen in the formed vitre- 
ous. The anterior contour of the posterior pre- 
cortical vitreous pocket (p) is irregular. Its 
posterior wall consists of a thin layer of the 
cortical vitreous, which is slightly detached 
from the retina except the fovea (F) (original 
magnification x 6). Right, A schematic draw- 
ing of the left. Arrows indicate the direction of 
the slit beam. 
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Fig 5.—An eye with advanced vitreous liquefaction. Top left, An optical section. Since a large 
posterior precortical vitreous pocket (p) occupies more than half of the vitreous cavity, it 
appears to be complete posterior vitreous detachment. F indicates the fovea (original magnifi- 
cation x6). Top right, Higher magnification demonstrates a thin layer of the cortical vitreous 
(arrowheads), which is slightly detached from the retina (arrows) in the vicinity of the fovea. This 
cortical vitreous would correspond to the posterior wall of the posterior precortical vitreous 
pocket (original magnification x 16). Bottom left, A schematic drawing of specimen in top left. 
Bottom right, A schematic drawing of specimen in top right. Arrowheads indicate a thin layer of 
cortical vitreous, slightly detached from the retinal surface (arrows). 





Fig 6.—A senile eye with complete posterior vitreous detachment. Left, A tangential optical 
section of the posterior face of the detached vitreous. There is a sharply defined oval-shaped 
premacular defect (D) in the posterior cortical vitreous. R indicates the slit-beam reflex of the 
retina (original magnification x 6). Right, A schematic drawing of the optical section shown at 
left. Arrows indicate the direction of the slit beam passing tangentially along the posterior face of 
the detached vitreous. The optical section includes the defective area and the surrounding 
cortical vitreous. 
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and 4). Although the anterior border 
of the PPVP was irregular in these 
cases, the posterior border was always 
formed by the thin cortical vitreous 
overlying the posterior retinal surface. 

Eyes with extensive liquefaction of 
the vitreous appeared to be more 
prone to develop PVD. In such cases, 
an enlarged PPVP occupied more than 
half of the vitreous cavity. In these 
eyes, the posterior hyaloid membrane 
was still in contact with the fundus as 
the posterior base of the PPVP, which 
might extend to the equatorial region 
(Fig 5). 

In 36 eyes with complete PVD, it 
was difficult to identify the PPVP 
since the vitreous had collapsed and 
was severely deformed. Whenever the 
detached vitreous cortex, which corre- 
sponded to the posterior pole, was 
separated from the gel by an interven- 
ing lacuna, we judged the lacuna to be 
a PPVP. The PPVP was confirmed in 
19 of the 36 eyes with PVD. 

An oval-shaped defect of the de- 
tached cortical vitreous was seen, cor- 
responding to the posterior base of the 
PPVP in 10 of 36 eyes with PVD (Fig 
6). The vitreous gel had frequently 
herniated through the defect toward 
the retrohyaloid space. 

Although we observed the anatomi- 
cal features of PPVP through vertical 
optical sections, we could also examine 
the nasal and temporal extent of the 
PPVP by scanning the slit beam hori- 
zontally, provided the entire contour of 
the PPVP lay within the temporal 
hemisphere of the eye. 

When thus examined, the size of the 
PPVP appeared to be basically the 
same horizontally as vertically. The 
actual shape of the PPVP was, there- 
fore, almost spherical. We could not 
observe the whole of the PPVP if it 
was large enough and exceeded the 
nasal margin of the specimen. 


COMMENT 


Because of its viscoelastic and trans- 
parent properties, the vitreous has 
eluded attempts to explore its anatom- 
ical structure. We solved this problem 
by means of fluorescein followed by 
immersion in water to stain only the 
gel component. The procedure facili- 
tated a clear demonstration of the vit- 
reous structure in a well-preserved 
state. In this way, we could prove the 
presence of the PPVP of the vitreous 
in a number of human autopsy eyes. 

The PPVP is basically a pocketlike 
lacuna immediatelyerior to the pos- 
terior fundus and inner to the tempo- 
ral vascular arcades. The posterior 
wall of the PPVP is composed of a thin 
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layer of vitreous cortex, or, clinically, 
-the posterior hyaloid membrane. The 
_ anterior border is contoured by the 


- formed vitreous. 


= In eyes with little liquefaction, the 
< PPVP assumes a dome-shaped config- 
` uration (Fig 1). The PPVP appeared, 
_ as a consequence of further vitreous 
- liquefaction, to expand anteriorly or to 
become confluent with the existing la- 
- cunae within the formed vitreous. In 
_ such instances, the configuration of the 
PPVP loses its domelike shape and 
-~ becomes irregular (Figs 3 and 4). In 
eyes with excessive liquefaction, 
PPVP occupied more than one half of 
the vitreous cavity (Fig 5). We want to 
emphasize that the posterior wall or 


> the base of the PPVP is always com- 


posed of a thin layer of cortical vitre- 
ous regardless of its anterior 
configuration. 

In the eyes of a 2-year-old infant, 
_ vitreous liquefaction was confined to a 
- small area in front of the macula. Al- 
though the anterior boundary of lique- 
= fied vitreous was somewhat obscure, 
the cortical vitreous was distinctly sep- 
arated from the gel in the form of a 
membrane in front of the macula. It 
appeared that this small liquefied 
_ Space was an evolutionary stage of the 
< PPVP. 
_ Worst’ observed empty spaces in the 
_ vitreous, which he called the vitreous 


_ cistern. He demonstrated a character- 


-istic funnel-shaped intravitreal cavity 
in front of the macula by injecting 
white india ink into the vitreous cis- 
- terns. He named this cavity bursa 
- premacularis. 

Our PPVP differs from the bursa in 
_ considerable respects. The PPVP is 
_ not a sack like the bursa as Worst’ 
described. The posterior wall of the 
PPVP is lined by the posterior hyaloid 
membrane, but its anterior extent is 
delineated by the vitreous gel proper. 
The extent of the PPVP is not necce- 
sarily confined to the macular area as 
is the case with the bursa defined by 
Worst. 

The specimens in our study were 
obtained post mortem and remained in 
a preserved state for periods up to 24 
hours. Among the possible artifacts, 
. we have to consider factors due to 
-= postmortem change and to fixation. 
_ The eyes were fixed within 24 hours 
after death of the donor to prevent 
- further autolysis. In our present se- 
- ries, the PPVP showed its consistent 
- characteristics despite the possible 
- postmortem changes. According to 
~ Worst,’ the cisternal vitreous struc- 
. ture is highly resistant to postmortem 
_ and fixation changes. Our specimens 
- were fixed by Trump's fixative and not 
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dehydrated. It has been taken for 
granted that Trump’s fixative does not 
cause severe deformation to the vitre- 
ous. We believe that our findings are 
reasonably close to anatomical reality 
at the semimicroscopic level. 

Sebag‘ studied the vitreous anatomy 
while he placed the vitreous in a lucid 
chamber containing isotonic salt solu- 
tion after removing the sclera, choroid, 
and the retina from the vitreous. Se- 
bag and Balaz’ observed a sharply de- 
fined circular premacular hole in the 
posterior vitreous, approximately 5 
mm in diameter. We could identify an 
oval-shaped defect in the detached pos- 
terior cortical vitreous in 10 of 36 
autopsy eyes with PVD (Fig 6). It is 
our interpretation that the round pre- 
macular hole described by Sebag and 
our oval defect are identical, and that 
this oval defect corresponds to the 
base of the PPVP. 

In our study, an oval-shaped defect 
in the posterior hyaloid membrane was 
observed only in eyes with PVD. Since 
Sebag dismantled the retina from the 
vitreous body manually, the premacu- 
lar vitreous cortex might have been 
removed together with the retina. Pre- 
macular cortical vitreous is separated 
from the gel proper by the intervening 
PPVP. It is thus a different structure 
from the other part of the vitreous 
cortex that merges with the gel. 
Therefore, this sort of artifact may 
occur. 

Sebag and Balaz’ observed that the 
vitreous gel herniated through the pre- 
macular hole of the cortical vitreous 
toward the retrohyaloid space. The 
collagen fibers within the gel appeared 
to be arranged anteroposteriorly. He 
postulated that these anteroposterior- 
ly arranged collagen fibers would in- 
duce a tractional force to the fovea. 

We regularly observed, contrary to 
the theory of Sebag and Balaz,’ the 
presence of the PPVP in front of the 
fovea. The tractional force of the gel 
seemed to be shielded by the interven- 
ing PPVP from the macula. We believe 
that the traction of the gel does not 
affect the macula directly but is trans- 
mitted through the cortical vitreous 
tangentially. 

The concept of a PPVP lends sup- 
port to the recent hypothesis’ that 
focal contraction of a thin layer of 
vitreous cortex causing tangential 
traction is probably the cause of an 
idiopathic senile macular hole. Ana- 
tomical findings of the PPVP also sup- 
port the surgical attempt to peel off 
the cortical vitreous,’ which corre- 
sponds to the posterior wall of PPVP, 
as a rational therapy to prevent im- 
pending macular hole. 


Tolentino et al* stated that vitreous 
liquefaction usually originates from the 
posterior portion of the vitreous near 
the posterior pole and then extends in 
all directions. He argued that the liq- 
uefied lacuna eventually comes in di- 
rect contact with the retina if liquefac- 
tion involves the cortical vitreous. 
According to their description, the la- 
cuna is similar to our PPVP in gross 
appearance. In finer details, our find- 
ings about the PPVP essentially differ 
from theirs in that a thin layer of 
cortical vitreous is always present as 
the posterior wall of the PPVP, even 
in cases with extensive vitreous lique- 
faction, provided there is no complete 
PVD. 

In this study, the PPVP was always 
present whenever the structure of the 
vitreous was not severely deformed. 
The PPVP was consistently present in 
front of the macula regardless of a 
variety of vitreous liquefaction. It ap- 
pears that the liquefaction may initi- 
ate, evolutionally, at the precortical 
portion of the vitreous facing the 
macula. 

The PPVP promises to provide a 
new anatomical and functional concept 
in the pathogenesis of a variety of 
vitreoretinal interface disorders, in- 
cluding idiopathic preretinal mem- 
brane, idiopathic macular hole, and 
proliferative diabetic retinopathy. 

We were surprised at the variety of 
unrecognized fine aspects of the vitre- 
ous structure became visible when 
stained with fluorescein. Our current 
findings illustrate the potential useful- 
ness of our method as an investigative 
tool to study the vitreous and the 
vitreoretinal relationship in enucleated 
human eyes. 
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_ © An intermittent darkening of the vi- 
oe sual field (ganzfeld “blankout”) is per- 
-= ceived during bowi perimetry. Since this 
may be a form of rivalry, we hypothe- 
-sized that occluding the nontested eye 
->with a transiucent occluder may elimi- 
-c nate the phenomenon. Ten normal sub- 
`- 4> jects underwent visual field testing with 
both a translucent and an opaque oc- 
-cluder. Eight of the 10 reported darken- 
«> ing to occur with the opaque patch, while 
: Y7 none reported it with the translucent oc- 
_-¢luder. The darkening occurred with a 
mean latency of 10.9 seconds, occupied 
% of the time, and on average oc- 
surred 3.25 times per minute. With the 
nslucent occluder, retest threshold 
variability was 18.8% less and sensitivity 
: =: was increased by 0.7 dB. The elimination 
- -of this darkening using translucent oc- 
_ cluders in bow! perimetry will allow re- 
.... duced variability and increased sensitiv- 
ity and comfort. 
{Arch Ophthalmol. 1990;108:983-988) 




























\/ isual field analysis is a very impor- 
“tant tool in the diagnosis and man- 
ement of visual disorders. Auto- 
ated static perimetry and kinetic 
< Goldmann bow! perimetry are signifi- 
-eant in visual field analysis.” Both of 
these types of perimetry incorporate a 
bowl, simulating a ganzfeld (full-field 
illumination). A variety of factors can 
- Interact to affect the accuracy and 
- reliability of perimetry. "° Among 
- these are the level of cooperation of 
the patient, the patient’s ability to 
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’ Ganzfeld Blankout Occurs in Bowl Perimetry and Is 
iminated by Translucent Occlusion 
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fixate accurately, and the patient’s vi- 
sual acuity, age,” adaptation state, 
and level of fatigue. Clinicians and 
scientists aim to recognize and control 
these factors in performing perimetry. 

We observed an intermittent dark- 
ening of the visual field during peri- 
metry that may also affect the results 
of perimetry. Patients ask if the bowl 
illumination has been dimmed—or 
comment on the fluctuations in vi- 
sion—and sometimes complain of a 
tired, strained feeling during field test- 
ing. We are unaware of previous re- 
search on this phenomenon during 
bowl perimetry. 

Bolanowski and Doty” described and 
quantified a similar phenomenon they 
called “blankout.” This phenomenon 
occurred in a true ganzfeld (homoge- 
neous full-field illumination free of con- 
tours). It did not occur during binocu- 
lar viewing. They have found that 
blankout occurs only under conditions 
in which there is approximately 0.75 
log units of intensity difference in 
illumination to the two eyes. Blankout 
was described as “a perceptual curtain 
originating nasally and being drawn 
nasotemporally across the visual 
field.” To ascertain if the intermittent 
darkening of the visual field that we 
observed during bowl perimetry is the 
same phenomenon that Bolanowski 
and Doty described as blankout, sever- 
al of our experiments were designed to 
generate similar data. 

Bolanowski and Doty’s” experi- 
ments were carried out under carefully 
devised homogeneous ganzfeld illumi- 
nation. Our experiments were carried 
out in a model 640 Humphrey field 
analyzer (Allergan Humphrey, San 
Leandro, Calif) in which there are 
many inhomogeneities in the surface, 
where accommodation is a factor, and 
































where there are prominent fixation 
targets. Our initial objective was to 
determine whether the previously de- 
scribed blankout phenomenon occurs. 
during bow] perimetry and to deter- 
mine its extent. Our secondary objec-. 
tive was to see if the phenomenon 
could be controlled or eliminated by. 
using a translucent patch. Finally, we 
were interested in investigating the 
impact that this phenomenon has on 
bowl perimetry. 


SUBJECTS AND METHODS 


We selected 10 subjects who met the 
following criteria: (1) age 20 to 35 years; (2) 
visual acuity of at least 20/20 in each eye 
without correction or 20/20 corrected with 
contact lenses; (8) stereo vision of at least 
40 seconds; (4) no strabismus; (5) normal 
ocular health by dilated fundus examina- 
tion, intraocular pressures, and biomicros- 
copy; and (6) normal visual fields using the 
Humphrey Automatic Diagnostic Test. The 
subjects were enrolled in the study on the 
basis of meeting all the criteria (except the 
normal visual fields) at a complete vision 
examination within the previous 18 months. . 
The Humphrey Automatic Diagnostic Test. 
was administered to each subject by one of 
the investigators before entrance into the 
study. All experiments were performed 
without cycloplegia. Informed consent was 
obtained from each subject prior to enroll- 
ing in the study. p 

During these experiments, the right eye 
always underwent the visual field test; 
while the left eye was occluded with either 
a standard opaque black patch or a custom- 
designed translucent patch (Fig 1). The 
translucent patch consisted of a plano plas- 
tic lens cut to the same shape as the black 
patch and mounted with a foam rubber rim. 
The foam rubber rim provided adequat 
patient comfort and prevented -th 
from touching the eyelashes. ‘The 
surface of the plastic lens was san 
fine sandpaper (600 on! to form : 





cent medium. 

To establish the ability of the translucent 
occluder to adequately diffuse static and 
kinetic stimuli, five subjects were tested 
with the opaque black patch over the left 
eye and the translucent occluder over the 
right eye (at the same time). Each subject 
underwent the custom eight-point test us- 
ing a three-zone strategy on the automated 
perimeter (Humphrey field analyzer). This 
program presented the brightest (10000 
asb) target to each point. None of the 
subjects could see any of the targets. Each 
subject was also tested on the Goldmann 
perimeter (Haag-Streit, Bern, Switzerland) 
with the black patch over the left eye and 
the translucent patch over the right eye. 
The largest, brightest target was presented 
kinetically. Again, none were able to see 
the target. 

The preadaptation time was the same as 
that used for normal visual field testing 
methods in the Humphrey field analyzer. In 
this device, the background illumination is 
increased to 31.5 asb (the standard back- 
ground illumination in both the Humphrey 
and Goldmann apparatuses) over a 6-second 
period. The standard static perimetry tar- 
get size of 0.43° was used, which is 
equivalent to a Goldmann III white stimu- 
lus. The stimulus duration was 0.2 seconds, 
which is shorter than the 0.25-second laten- 
cy for the vast majority of saccadic eye 
movements. ®*" 

To assure that the subjects had normal 
visual fields prior to entrance into the study 
and to allow the subjects to become familiar 
with visual field testing, both eyes of each 
subject were tested with the Humphrey 
Automatic Diagnostic Test. Each subject 
was tested with the opaque patch over the 
left eye when the right eye's field was 
tested; then the translucent patch was 
placed over the right eye when the left 
eye's field was tested. Since most subjects 
may be considered reliable observers after 
the first test, but some show substantial 
learning curves,” we used these tests as 
learning experiences for the subjects to 
make further data more reliable. 


Experiment 1 


The objective of this experiment was to 
determine whether individuals experience 
an intermittent darkening of the visual field 
in a visual field analyzer. A further objec- 
tive was to determine under what condi- 
tions this occurs. 

Methods.—To answer these questions, 
our subjects were tested under three condi- 
tions: (1) binocularly, (2) the nontested eye 
occluded with a standard black opaque 
patch, and (3) the nontested eye occluded 
with a translucent patch. These were used 
in random order on 2 separate days. 

Each subject steadily viewed the central 
fixation target in a Humphrey visual field 
analyzer for 2 minutes under each of the 
three conditions. The subjects were in- 
structed to notice any changes in perception 
in the periphery of their visual field and 
advised that they would be asked about this 
following the tests. 

Results. — None of the subjects noted any 
darkening of the visual field while viewing 
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Fig 1.—Photograph of the opaque black (left) and custom-designed translucent (right) oc- 


cluders used in the study. 


No. of Subjects Reporting Blankout 


Translucent 


Type of Occluder (1 Eye) 


Fig 2.—Number of subjects (n = 10) reporting the blankout phenomenon in the viewing eye as a 
function of the type of occluder on the nonviewing eye. 


the bowl binocularly. When the nonviewing 
eye was occluded with an opaque patch, 8 of 
the 10 described an intermittent darkening 
of the visual field. Of the other two, one 
described a feeling of “competition between 
the two eyes,” while the remaining subject 
noticed no difference in perception. Using 
the translucent patch, none of the subjects 
noted any apparent darkening of the visual 
field (Fig 2). One subject described a sensa- 
tion of the periphery of the visual field 
“closing in” when using the translucent 
occluder but did not experience the same 
apparent darkening of the field as with the 
opaque patch. One subject described a 
slight graying of the field similar to that 
experienced with the opaque patch but did 
not experience darkening of the field. 


Experiment 2 


Our objective for this experiment was to 
determine whether the characteristics of 
the darkening of the visual field in bowl 
perimetry are similar to the phenomenon 
previously described as blankout.” 

Methods. —To quantify the phenomenon, 
we initiated timings under the two patching 
conditions (opaque or translucent). The or- 
der of presentation of the patching condi- 
tion was random. The subject was placed in 
the field analyzer with the left eye occluded 
with the opaque patch or alternately with 
the translucent patch. The subject reported 
when the field darkened and then when it 
was light again. Each was timed in this task 
for 2 minutes. The subjects clicked a re- 
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sponse button when the field darkened and 
clicked again when the field lightened. The 
responses were manually timed with a stop- 
watch and recorded to the nearest second. 
The onset, duration, and number of blank- 
outs per 2-minute period were recorded. 

Results.— None of the subjects reported 
a darkening of the visual field with the 
translucent patch. Eight of the 10 subjects 
reported a darkening of the field to occur 
with the opaque patch. Of those reporting 
the phenomenon to occur, the dark phase 
occurred with a mean latency of 10.9 sec- 
onds, occupied 34.4% of the time, and on 
average occurred 3.25 times per minute. 
Darkening of the visual field occurred from 
one to seven times per minute (Fig 3). 


Experiment 3 


The objective of this experiment was to 
determine whether the sensitivity and vari- 
ability are the same using the two patches. 
We tested two hypotheses. The first was 
that sensitivity (at specified points) of the 
eye undergoing the field test was the same 
under the two patching conditions (opaque 
vs translucent) of the nontested eye. The 
second was that the variability of the sensi- 
tivity measurements was the same under 
the same two patching conditions. We hy- 
pothesized that if there is a difference in the 
number of times a person experiences a 
darkening of the visual field using the two 
different patches, there would be a differ- 
ence in the fluctuations and sensitivity us- 
ing the two test variables. If there is less 
fluctuation in sensitivity using the translu- 
cent patch, there should also be less vari- 
ability in retest threshold values at speci- 
fied points. Secondarily, we examined the 
possibility of interactions betw the sen- 
sitivity (absolute or variability), the oc- 
cluder type, and the position in the field 
(nasal vs temporal, and superior vs 
inferior). 

Methods.—We administered 10 trial 
pairs of an eight-point custom field using 
each occluder. The test condition (ie, either 
occluder) was administered randomly and 
on at least 2 separate days for each subject. 
The Humphrey custom test using full- 
threshold strategy was designed to test 
eight points, two in each quadrant at speci- 
fied degrees from the central fixation target 
(Table 1). The test was performed with the 
subject's left eye occluded either with the 
translucent occluder or the opaque patch. 
The test was not interrupted at any time 
during presentation of stimuli. The inter- 
test duration was 1 minute. In all of the 
tests, fixation was continually monitored 
visually by the experimenter, via the fixa- 
tion monitor, and automatically by the field 
analyzer. The custom test incorporates a 
strategy of test and retest at the four most 
central points during each test. 

To prevent bias, after pilot studies were 
run, experiment 3 was performed prior to 
experiments 1 and 2. This was done so that 
sensitivity values generated under each 
condition could be ascertained prior to the 
subject being aware that the intermittent 
darkening of the field was to be quantified. 

Results.—The mean threshold value for 
all 10 subjects for all eight points using the 
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Fig 3.—The characteristics of the blankout phenomenon for each of the 10 subjects. Each 
subject underwent a 2-minute trial period while wearing the opaque patch. The means for all 10 
subjects and the 8 reporting blankout are reported to the right. To the far right is the study of 11 
subjects of Bolanowski and Doty. Top, Latency for the phenomenon to occur. Center, 
Percentage of time spent in the blankout dark phase. Bottom, Number of blankouts reported in 2 
minutes. Unshaded bars indicate trial 1; shaded bars, trial 2. 
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Table 1.—Coordinates Used in 
Experiment 3 to Test Retinal 
Sensitivity and Variability 





*This coordinate was tested twice. 


opaque patch was 31.6 dB, while the mean 
for all 10 subjects using the translucent 
patch was 32.3 dB. Analysis of variance 
(ANOVA) suggested that sensitivity was 
increased by 0.7 dB (P=.00001) using the 
translucent occluder (Table 2 and Fig 4). 
The same ANOVA also suggested that 
there was evidence of inhomogeneity in the 
thresholds in both the nasotemporal and 
vertical meridians (Table 2). Positions along 
the temporal meridian were slightly more 
sensitive on average than the nasal (32.1 vs 
31.8 dB, respectively; P=.009). Points in 
the superior visual field were slightly less 
sensitive on the average than were those on 
the inferior field (31.6 vs 32.4 dB, respec- 
tively; P=.0001). No interactions were de- 
termined to reach statistical significance. 

Overall, retest threshold variability with 
the translucent occluder was 18.8% less 
than with the opaque one (Table 2 and Fig 
5). The mean threshold variability in the 
temporal field was 15.5% greater than that 
in the nasal field, although the difference 
did not quite reach statistical significance 
(P=.06). 


Experiment 4 


The objective of this experiment was to 
determine whether there is a difference in 
visual comfort between the opaque patch 
and the translucent filter during their use in 
automated bowl perimetry. 

Methods.—A questionnaire (Table 3) 
was given to the subjects at three different 
occasions during the testing: (1) on comple- 
tion of the Humphrey Automatic Diagnostic 
Tests, (2) on completion of the first day's 
testing, and (3) on completion of all testing. 

Results.—All subjects reported in- 
creased visual comfort with the translucent 
patch. Interestingly, this included the two 
subjects who did not describe a darkening 
of the field. One commented that there was 
less competition between the two eyes 
when using the translucent patch (Fig 6). 

In describing their perceptions with the 
translucent patch, the observers reported 
the following comments: less strain, less 
tiredness, less stress, a reduced sensation 
of competition between the two eyes, and 
the ability to concentrate on the task more 
easily. Several reported that the overall 
field appeared brighter with the translucent 
patch. With the opaque patch, the subjects 
described not being able to see dim lights as 
well, more difficulty responding (particular- 
ly to peripheral points), and distraction by 
the apparent darkening of the visual field. 
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Model 

Characteristics 

Dependent 
Variable F df 


Sensitivity 15.2 15,15984 


Threshold variability 2.44 
(absolute value of 
threshold 
1 — threshold 2) 


15,6784 


—  , 
P>F 


.0001 


.0018 


Individual 
Variable 
Characteristics 
Independent 


Variables P>F 


Occluder type 
Nasotemporal 


position 
Vertical position 
Subject 
Interactions * 
Occluder type 
Nasotemporal 

position 
Vertical position 
Subject 
interactions * 





* Interactions were examined for sensitivity (absolute or variable), occluder type, and position (nasotemporal 


or vertical). 


Mean Sensitivity, dB 


Lot t 


Translucent 


Occluder 





Fig 4.—Mean sensitivity (decibels) as a function of occluder type (n = 800 observations for each 


type). 


COMMENT 


Bolanowski and Doty” have made 
detailed descriptions of blankout as it 
occurs in a true ganzfeld. They found it 
to occur only under the condition of at 
least 0.5 to 0.75 log I units of disparity 
in illumination to the two eyes. We 
repeated several of their experiments 
(in a visual field analyzer) to test the 
hypothesis that the fluctuating phe- 
nomenon reported by our subjects dur- 
ing routine bowl perimetry was the 
same as the blankout phenomenon. We 
believe that our findings from experi- 
ments 1 and 2 support this hypothesis. 

Although a field analyzer is not a 
true ganzfeld, as there are surface 
flaws and fixation targets that serve as 


cues to depth and accommodation, our 
subjects described changing percep- 
tions of the visual field. The field was 
perceived as dark or light. The “light 
phase” described the period when the 
subject could appreciate full bow] illu- 
mination. The “dark phase” referred to 
the period when the visual field ap- 
peared to dim. We found the phenome- 
non to occur when the nontested eye 
was occluded with a standard opaque 
black patch. It did not occur under 
binocular viewing or with the translu- 
cent patch. 

The average latency of the first dark 
phase (10.9 seconds), the number of 
times per minute the dark phase oc- 
curred (3.25 times per minute), and the 
percentage of time spent in the dark 


Ganzfeld Blankout—Fuhr et al 





phase (34.4%), which we found in the 
Humphrey field analyzer, correspond 
closely to those reported as blankout 
by Bolanowski and Doty” (14.0 sec- 
onds, approximately three times per 
minute, and 60%, respectively) (Fig 3). 
Differences may be accounted for by 
variation of experimental methods. 
This suggests that the phenomenon 
experienced during visual field testing 
with the nontested eye patched with 
an opaque occluder is indeed the same 
phenomenon described as blankout. 

Bolanowski and Doty” suggest that 
the blankout phenomenon occurs as a 
function of the difference in level of 
illumination to the two eyes and does 
not occur at all in dim environments 
where the ambient illumination is 
0.0162 candela per square meter or 
less. They collected much of their data 
at 1.62 cd/m”. Our data were collected 
with the Humphrey field analyzer, 
which has a background illumination of 
31.5 asb (10.03 cd/m’). This suggests 
that the phenomenon may also occur in 
the commonly used Octopus II field 
analyzer (Interzeag, Schlinren, Swit- 
zerland), which has a background illu- 
mination of 4.0 asb (1.27 cd/m’) with 
use of a standard opaque occluder. 
Preliminary studies suggest this to be 
true. 

Since blankout has been suggested 
to be a form of rivalry, and since it has 
been shown that there must be about 
0.75 log units of intensity difference 
between the two eyes for blankout to 
occur,” we hypothesized that occluding 
the nontested eye with a translucent 
patch might prevent blankout, as it 
would minimize any illumination differ- 
ence between the two eyes. Experi- 
ment 2 shows that blankout did not 
occur either binocularly or with the 
nontested eye occluded with a translu- 
cent patch, but did occur in 8 of 10 
subjects using the opaque patch. The 
translucent filter reduced the illumi- 
nance of the J6511 probe of the J16 
digital photometer radiometer (Tek- 
tronix Inc, Beaverton, Ore) by 0.24 log 
units. It appears that the translucent 
occluder prevents blankout by suffi- 
ciently decreasing the disparity in illu- 
mination between the two eyes. 

We found that the sensitivity of the 
tested eye is greater when the non- 
tested eye is occluded with a translu- 
cent patch than when it is occluded 
with an opaque patch by a small but 
significant amount (0.72 dB). This is 
apparently due to the fact that there is 
no phase change using the translucent 
patch, while a phase change occurs 
using the opaque patch. Preliminary 
data suggest that there is approxi- 
mately 2 dB of difference in sensitivity 
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Fig 5.—Mean relative difference in test-retest sensitivity as a function of occluder type. The 
means are the absolute values of the differences in sensitivities on retest. The mean values are 
shown below the bars. The mean for the translucent occluder has been set at 100% and the 
mean for the opaque occluder compared with it. 


Table 3.—Questionnaire Given to Subjects at Various Points During Testing 


Please rate your visual comfort using the translucent occluder vs the opaque occluder. 
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Fig 6.—Number of subjects reporting a given comfort rating to compare the comfort of the 
translucent occluder with the comfort of the opaque occluder during automated perimetry. Ten 
subjects were tested on three different occasions with each. 
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arther research into this matter. 
-Along with an increase in sensitiv- 
ity, all of our subjects found the task of 
visual field analysis to be more com- 
fortable when the nontested eye was 
occluded with the translucent oc- 
eluder. Subjects commented on sensa- 
tions of less stress, less strain on their 
eyes, less fatigue, and the ability to 
oncentrate on the task more easily 
hen the nontested eye was occluded 
rith the translucent filter. 

-Of further significance, we found an 
8.8% decrease in retest threshold 
variability with the translucent oc- 
eluder, which we attribute to the pre- 
vention of blankout. Several factors 
may aceount for this decrease i in retest 
threshold variability: (1) as retinal sen- 
sitivity increases, short-term fluctua- 
tions decrease’; (2) less fluctuation in 
visual perception results in less fluctu- 
ation in retest threshold variability; 





Fa 





i. Heil A. The implications of the results of 
computerized perimetry in normals for the statisti- 
càl evaluation of glaucomatous visual fields. In: 
Krieglstein GK, ed. Glaucoma Update, IIT. New 
York, NY: Springer-Verlag NY Ine; 1987:115-122. 
2: Flammer J, Drance SM, Fankhauser F, Au- 
gustiny L. Differential light threshold in automated 
static perimetry: factors influencing short-term 
uctuation. Arch Ophthalmol. 1984;102:876-879, 

3. Flammer J, Drance SM, Schulzer M. Covar- 
iates of the long-term fluctuation of the differential 
light threshold. Arch Ophthalmol. 1984;102:880- 
882. 


_ 4, Flammer j. Drance SJ, Zulauf M. Differential 
light threshold: short- and long-term fluctuation in 
patients with glaucoma, normal controls, and pa- 
tients with suspected glaucoma. Arch Ophthalmol. 
1984:102:704-706. 

“5. Flammer J, Drance SM, Augustiny L, Fank- 
hauser A. Quantification of glaucomatous visual 
field defects with automated perimetry. Invest 
Ophthalmol Vis Sci. 1985;26:176-181. 

6. Portney GL, Krohn MA. Automated peri- 
metry: background, instruments and methods. 
Surv Ophthal mol, 1978;22:271-278. 


-Arch Ophthalmol — Vol 108, Jt 


between. ihe light and dirk a of 
lankout. We are presently conducting 





and (3) an increase in comfort may 
allow the subject to remain more alert 
and thus less variable in response. 
Thus, one or some combination of the 
above factors may be contributing to 
the reduction of retest threshold 
variability. 

In conelusion, our studies indicate 
that blankout does occur during visual 
field analysis and that it may be pre- 
vented by occluding the nontested eye 
with a translucent occluder. Since sen- 
sitivity is greater, variability is less, 
and comfort is increased, our results 
suggest that visual field analysis 
should be more reliable when per- 
formed with a translucent occluder 
rather than the standard opaque 
patch. In fact, the use of a translucent 
occluder during field testing has been 
previously advocated to minimize ad- 
aptation changes of the eye under the 
pateh that might affect visual field 
results."" We agree with this asser- 
tion, but suggest that any improve- 
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=c © A 34-year-old man in good general 
_ health became bilaterally totally blind by 
-an unusual retinochoroidal degenerative 
disease 3 years after the initial onset of 
visual symptoms. The advanced stages 

of the retinochoroidal disease were asso- 
ciated with bilateral progressive iris ne- 
crosis and severe ocular pain. The con- 
_.$tellation of findings and course of this 
“disease represent a clinical entity that 
nott been previously described in the 







; (Arch Ophthalmol. 1990;108:989-992) 


oo Fhe following clinicopathologic re- 
coo S port describes a patient with bilat- 
eral retinochoroidal degeneration that 
resulted in total blindness 3 years after 
the initial onset of symptoms. The 
terminal phase of the disease was char- 
acterized by bilateral ischemic necrosis 
of the iris and intractable ocular pain. 
To our knowledge, a disease with this 
-constellation of findings and clinical 
urse has not been previously 
described. 


REPORT OF A CASE 










_ A 34-year-old white man first noted bilat- 

o eral painless loss of central vision in July 
1986, There was no history of poor night 
= Vision, exposure to toxic chemicals, or pre- 

< vigus eye disease, and no family history of 
eye disease. His visual acuity 2 years earli- 
er had been recorded as 20/20 OU. In 
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-Retinochoroidal Degeneration Associated 


ith Progressive Iris Necrosis 


August 1986, 1 month after the onset of 
symptoms, his visual acuity was 20/60 OU. 
Nonspecific mottling of the retinal pigment 
epithelium (RPE) of the maculae was the 
only abnormality noted on ocular examina- 
tion. Visual acuity progressively declined, 
so that by December 1986 it was 20/800 OU 
(Fig 1). The perifoveal RPE was more 
severely mottled by March 1987 (Fig 2), 
when fluorescein angiography showed small 
window defects in both maculae corre- 
sponding to areas of RPE atrophy. Results 
of electrophysiologic studies (electro-oculo- 
gram, visual evoked potential, and electro- 
retinogram with dark adaption) were nor- 
mal. An extensive general medical and 
neurologic evaluation was performed and 
detected no abnormalities (see below) ex- 
cept for essential hypertension that had 
been diagnosed and controlled medically for 
10 years. The patient was athletic, Jogging 
up to 4 miles per day. 

Progressive atrophy and disruption of the 
RPE over the next year was associated 
with a continued decline in vision. Eighteen 
months after the onset of symptoms, bilat- 
eral ocular pain developed. Visual acuity 
had now deteriorated to “counting fingers” 
at 3 ft OU. Fundus examination revealed 
severe bilateral retinochoroidal atrophy of 
both maculae and peripapillary regions (Fig 
3). Mild to moderate pigmentary clumping 
was noted focally in the midperiphery. 
There was severe retinal vascular attenua- 
tion bilaterally. For the first time, mild 
bilateral iritis and moderate elevation of 
intraocular pressures (28 mm Hg) were 
noted on ocular examination. Several weeks 
later, iris atrophy and corectopia were evi- 
dent (Fig 4). Mild iritis persisted despite 
treatment with topical cortieosteroids and 
eycloplegics, and both eyes became ex- 
tremely painful. The degree of ocular pain 
seemed disproportionate to the amount of 
iritis. Another thorough systemic evalua- 
tion failed to disclose evidence of any sys- 
temic disease (see below). 

Thirty-five months after the onset of 
visual symptoms, visual acuity had declined 
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to “light perception” in the right eye and | 
“no light perception” in the left eye. Ocular . 
pain persisted despite medical treatment. . 
Since the onset of eye pain, there had been z 
progressive bilateral iris atrophy associated - 
with mild to moderate anterior chamber 
inflammation. Intraocular pressures had 
been maintained in the low- to mid-twenties 
on topical medication. 

During the 3-year course of this disease, 
numerous studies were performed. The re- 
sults of routine urinalysis, complete blood 
cell counts, chemistry profiles, and serum 
angiotensin converting enzyme level were 
normal. Serologic tests for syphilis (rapid 
plasma reagin, microhemagglutination as- 
say-Treponema pallidum {MHA-TP], and 
fluorescent treponemal antibody absorpti 
test [FTA-ABS])), herpes simplex, cyto- 
megalovirus, Epstein-Barr virus, Lyme 
disease, and antinuclear antibodies were all- 
negative. A drug screen showed negative. 
results. Serum ornithine and amino acid- 
levels were normal, as well as findings of a. 
computed tomographic : scan and magnetic 
resonance imaging of the orbits and brain, 
and routine analysis of cerebrospinal fluid. 
Bacterial, fungal, and viral cultures includ- 
ing herpes, CMV, and adenovirus from the- 
cerebrospinal fluid were negative. Electro- 
physiologie studies during the more ad- 
vaneed stages of the disease revealed pro- 
gressive attenuation : 
retinogram, a decrease in the electro- 
oculogram ratio, and a decline in the visual 
evoked potential. 

Because of intractable ocular pain, | the 
left and right eyes were enucleated in 
March and May of 1989, respectively. 


PATHOLOGICAL FINDINGS 


The findings in both eyes were essentially ` 
identical. The anterior chamber. angl 
were open and littered with free melal 
granules and pigment-laden-1 macropha; 
There was severe ischemic necrosis « 
irides (Fig 5). A small number of ch 
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Fig 1.— Right and left, Macular changes in the right and left eyes 6 months after the onset of symptoms. The foveal and perifoveal retinal 
pigment epithelium is mottled, showing areas of pigment atrophy and clumping. There is mild arteriolar attenuation. 





Fig 3.— Right and left, The ocular fundi 18 months after the onset of visual symptoms show relatively symmetric, profound 
retinochoroidal atrophy. Retinal arterioles display marked attenuation. Small vessels of the retina and the choriocapillaris 
are virtually absent. 
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Fig 4.— Right and left, Mild anterior segment inflammation was associated with dissolution of the iris stroma and pigment 


epithelium in the right and left eyes. 





Fig 5.—Histopathologic changes in the two eyes were similar. The left 
eye demonstrates severe ischemic necrosis of the iris stroma and 
pigment epithelium (hematoxylin-eosin, original magnification x 120). 


inflammatory cells were found in the pe- 
ripheral iris, ciliary body, and choroid. The 
most striking changes occurred in the pos- 
terior pole of both eyes where there was 
marked chorioretinal atrophy and degener- 
ation. The entire juxtapapillary retina was 
reduced to a thin strand of glial tissue 
resting on severely atrophied choroid (Fig 
6). There was total absence of the RPE. 
This severe degree of retinochoroidal de- 
generation extended past the vascular ar- 
cades temporally and for several millime- 
ters superior, inferior, and nasal to the disc. 
Toward the equator, relatively preserved 
regions of retina and choroid were found. 
Transitional areas between severely 
atrophic and preserved tissue displayed 
varying degrees of degeneration of the out- 
er retina, RPE, and inner choroid (Fig 7). 
Blood vessels were difficult to find within 
the severely atrophied retina and choroid. 
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Fig 6.—Left retina just temporal to the optic disc displays profound 
atrophy. The neurosensory retina has been reduced to a thin layer of 
glial tissue. The internal limiting membrane (arrows) is intact; the 


retinal pigment epithelium and choriocapillaris are absent. The walls of 
choroidal arterioles are thickened and their lumina narrowed (periodic 
acid—Schiff, original magnification x 165). 


Remaining arterioles demonstrated endo- 
thelial hyperplasia, hyalinization, and nar- 
rowed lumina. Inflammatory cells were not 
present in the posterior pole. Several cho- 
roidal vessels located near the equator of 
the right eye were occluded by thrombi 
(Fig 8). No other abnormalities of the in- 
trinsic vascular system of either eye were 
found, including the short posterior ciliary 
arteries. 

Electron microscopy was performed on 
tissue taken from the posterior poles of 
both eyes. Degenerative changes were non- 
specific. No viral particles or microorgan- 
isms were identified. There were no find- 
ings to suggest a metabolic storage disease. 


COMMENT 


During the initial stages of this dis- 
ease numerous diagnoses were consid- 


ered, including solar maculopathy, 
drug toxicity, syphilis, and macular 
dystrophy. The history, laboratory re- 
sults, and clinical course of the disease 
excluded these possibilities. The fundi 
in the advanced stage of the disease 
suggested to some observers the diag- 
noses of atypical serpiginous choroi- 


dopathy,’ Sorsby’s pseudoinflamma- 
tory dystrophy,” atypical gyrate 
atrophy,” atypical choroideremia,”’ 


annular pigmentary retinal dystrophy 
(circinate choroidal sclerosis), atypi- 
cal retinitis pigmentosa, and an occult 
metabolic storage disease.’ Other 
considerations included atypical sar- 
coid chorioretinal degeneration,” toxic 
retinopathies,“"” and paraneoplastic 
retinal degeneration.” None of these 
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Fig 7.—A transitional region in the midperiphery between atrophic and 
normal retina. The retina shows degeneration of the outer segments, 
outer nuclear layer, and retinal pigment epithelium. Enlarged pigment- 
ed cells are interspersed with atrophic nonpigmented retinal epithelial 
cells (nematoxylin-eosin, original magnification x 165). 


diagnoses could be substantiated, nor 
are any of these conditions associated 
with the degree of iris necrosis encoun- 
tered in our patient. We have been 
unable to identify any acquired retino- 
choroidal disease characterized by pro- 
found degeneration of juxtapapillary 
choroid, retina, and RPE associated 
with progressive iris necrosis that has 
a clinical course similar to that of our 
patient. 

There was also no evidence of cardi- 
ac or carotid artery disease that could 
account for the profound degenerative 
changes seen within the eye. The ca- 
rotid artery pulses were full, up- 
strokes were brisk, and there were no 
bruits. Fluorescein arm-to-retina tran- 
sit time during angiography was nor- 
mal (less than 15 seconds). The patient 
has continued to engage in physical 
exercise without exertional limitation 
11 months after the second eye was 
enucleated. Thus, we cannot logically 
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attribute the severe ocular ischemic 
changes to any systemic vascular 
disease. 

Several aspects of the clinicopatho- 
logic correlation deserve brief com- 
ment. Since portions of the peripheral 
retina in both eyes were normal by 
light microscopy, the anterior retina 
was still potentially functional. Total 
loss of vision, however, was attribut- 
able to the complete destruction of the 
peripapillary nerve fiber layer. Intrac- 
table eye pain was probably due to 
ischemic necrosis of the iris, but the 
underlying cause of this vascular event 
is not clear. We failed to find an ana- 
tomic correlate that could account for 
the infarction. 

The vascular alterations found in the 
juxtapapillary retina and choroid are 
nonspecific and may have developed 
secondary to the retinochoroidal de- 
generative process. Vascular oblitera- 
tion, particularly of the choriocapil- 
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Fig 8.—The vascular lumen of a choroidal vessel in the right eye is 
occluded by a thrombus (asterisk) that has partially recanalized (he- 
matoxylin-eosin, original magnification x 250). 


laris, has been described in other 
forms of retinochoroidal degeneration 
such as choroideremia, retinitis pig- 
mentosa, and Sorsby’s dystrophy.” It 
is unclear if thrombi in the right cho- 
roid represent a primary or secondary 
phenomenon, although localized ve- 
nous stasis would be a likely explana- 
tion for this event since there was no 
evidence of a systemic disorder predis- 
posing to vascular thrombosis. 

In summary, we have considered 
immunologic, vascular, infectious, tox- 
ic, and metabolic diseases in the differ- 
ential diagnosis of an unusual bilateral 
retinochoroidal degenerative disease 
associated with iris necrosis. Exten- 
sive clinical investigation and patho- 
logic examination of the eyes have 
yielded few clues as to the pathogene- 
sis of this devastating disorder. 
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Keratoconus and Fuchs’ Corneal Endothelial 


Dystrophy in a Patient and her Family 


Richard M. Lipman, MD; Jonathan B. Rubenstein, MD; Elise Torezynski, MD 


e A 44-year-old patient with bilateral 
keratoconus and bilateral Fuchs’ dystro- 
phy underwent penetrating keratoplasty. 
Examination of the patient’s family re- 
vealed keratoconus in the patient’s son 
and central guttata and abnormal endo- 
thelial cells in the patient’s mother and 
daughter. Histopathologic evaluation of 
the corneal button demonstrated a 
thinned central epithelium and folds and 
keratocytes in Bowman’s layer consistent 
with keratoconus. Central guttata, subep- 
ithelial bullae, and a decreased number of 
endothelial cells, consistent with Fuchs’ 
endothelial dystrophy, were also seen. 
This case demonstrates that two distinct 
familial corneal diseases can occur in the 
same patient. Although one cannot con- 
clude inheritance patterns based on this 
limited evaluation, the findings in this fam- 
ily support previous observations that 
keratoconus can be familial, and that 
Fuchs’ corneal dystrophy has a female 
predilection with an autosomal-dominant 
inheritance pattern. 

(Arch Ophthalmol. 1990; 108:993-994) 
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Fig 1.—Slit-lamp photograph demonstrates the vertically oriented stro- 
mal lines at the apex of the cone as seen in keratoconus. Guttata can 
be seen just below and to the right of the lines. 
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Keratoconus and Fuchs’ corneal dys- 

trophy are uncommon in the gen- 
eral population. The reported inci- 
dence of keratoconus ranges from 50 to 
200 per 100000 people.'! The incidence 
of Fuchs’ dystrophy is difficult to de- 
termine since many affected patients 
have central guttata without edema. 
The appearance of these two entities 
together in the same family, and espe- 
cially in the same patient, has not, to 
our knowledge, been previously re- 
ported. 


REPORT OF A CASE 


A 44-year-old white woman was referred 
because of a corneal ulcer of the right eye. 
The patient had previously been diagnosed 
with bilateral keratoconus, but central gut- 
tata and edema, which persisted after the 
ulcer healed, were also noted at this time in 
both eyes (Fig 1). Due to decreased visual 
acuity and contact lens intolerance, the pa- 
tient underwent a right penetrating kera- 
toplasty. An 8.2-mm graft was placed into 
an 8.0-mm recipient bed without complica- 
tions. The patient’s postoperative course 
was uneventful and her visual acuity was 
20/30 one year after surgery. 

Evaluation of the patient’s family by 
slit-lamp biomicroscopy demonstrated that 
both the patient’s mother and daughter had 
central guttata, and that the patient’s son 
also had keratoconus. Moreover, the 
proband’s father was found to have a geo- 
graphic basement membrane disorder re- 


sembling posterior polymorphous dystro- 
phy. 
PATHOLOGIC EVALUATION 

Histopathologic study of the corneal but- 
ton showed a thin central epithelium and 
folds in Bowman’s layer associated with fi- 
brocytes that were consistent with the clin- 
ical diagnosis of keratoconus (Figs 2, 3, and 
5). In addition, central guttata, subepithe- 
lial bullae, and a decreased number of 
endothelial cells were present, supporting 
the clinical diagnosis of Fuchs’ endothelial 
dystrophy (Figs 2, 4, and 6). 


COMMENT 


Keratoconus is a frequently progres- 
sive disease characterized by irregular 
astigmatism, apical thinning, and 
bulging of the central cornea. Bilateral 
presentation, or at least a forme fruste 
in the contralateral eye, is present in 
almost all cases. Positive family histo- 
ries have been reported, but they are 
uncommon. Kennedy et al' reported 
that a family history of keratoconus 
was elicited in 6% of the patients in 
their epidemiologic study of Olmstead 
County, Minnesota. Hammerstein’ 
found a familial association of 20% in 
the families of patients with keratoco- 
nus that he studied. He suggested a 
dominant inheritance pattern. Kera- 
toconus in a patient and in both of his 
parents was reported by Forstat et al.’ 
No inheritance pattern was deter- 


Fig 2.—The central cornea is toward the right and the peripheral cor- 
nea is toward the left. To the left of center, where the epithelium becomes 
thickened, there is a dimpling of Bowman's layer. To the right, a small 
subepithelial bulla is seen. Numerous guttata are seen on the posterior 
edge (hematoxylin-eosin, original magnification X40). 
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Fig 3.— Typical fold of Bowman’s layer with a small incursion of fibrous 
and cellular tissue into the fold that is characteristic of keratoconus (pe- 
riodic acid-Schiff, original magnification X400). 





Fig 5.— Centrally, the folded Bowman's layer can be better appreciated. 
Tucked into the posterior aspect of the folded area is a keratocyte. The 
nucleus of the cell is clearly seen (original magnification X3700). 


mined. Greenfield et al,* among others, 
have reported a familial occurrence of 
keratoconus and a systemic connective 
tissue disorder. Their patients’ condi- 
tions appeared to be inherited in an 
autosomal-recessive pattern. 

Fuchs’ endothelial dystrophy is 
characterized by central corneal gut- 
tata, stromal edema, subepithelial fi- 
brosis, and epithelial bullae. Symp- 
toms, which develop later in life, in- 
clude decreased visual acuity and pain. 
Cross et al’ reviewed previous reports 
of cases of familial Fuchs’ endothelial 
dystrophy, and added two pedigrees to 
their analysis. They concluded that 
Fuchs’ dystrophy has a female predi- 
lection and an autosomal-dominant 
inheritance pattern. Krachmer et al‘ 
also reported a female predominance 
and a strong familial tendency. Rosen- 
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Fig 4.—The posterior stroma, a markedly thickened Descemet’s mem- 
brane, many guttata, and a few endothelial cells are shown (periodic 


acid-Schiff, original magnification X400). 


blum et al’ found a similar female pre- 
dominance, and 75% of their families 
had at least two affected members. 
Lorenzetti et al,’ however, demon- 
strated no female predilection. Magov- 
ern et al’ also found no female pre- 
dominance in their pedigree, but 
agreed with Cross et al that the inher- 
itance was autosomal dominant. 

Our patient, a woman, demon- 
strated both bilateral keratoconus and 
bilateral Fuchs’ endothelial dystro- 
phy. The proband’s son is currently 
being treated for bilateral keratoco- 
nus, which is consistent with the fa- 
milial occurrence reported by others. 
Her mother demonstrates central gut- 
tata with polymegathism, but no frank 
edema. The patient’s 19-year-old 
daughter already shows central gutta- 
ta. These observations are consistent 


References 


RM. Blue sclera and keratoconus: key features of 
a distinct heritable disorder of connective tissue. 
Clin Genet. 1973;4:8-16. 

5. Cross HE, Maumenee AE, Cantolino SJ. In- 
heritance of Fuch’s endothelial dystrophy. Arch 
Ophthalmol. 1971;85:268-272. 

6. Krachmer JH, Purcell JJ, Young CW, Bucher 
KD. Corneal endothelial dystrophy. Arch Oph- 
thalmol. 1978;96:2036-2039. 

7. Rosenblum P, Stark WJ, Maumenee IH, 


Fig 6.—Thickened Descemet’s membrane with a gutta clearly seen in 
the lower center of the photograph between two endothelial cells. A thin 
continuation of endothelial-cell cytoplasm covers the gutta on its poste- 
rior aspect (original magnification X9500). 


with the female predominance and the 
autosomal-dominant pattern of inher- 
itance of Fuchs’ dystrophy found by 
many investigators but are inconclu- 
sive based on the limited number of 
subjects. 

We have described a patient with a 
combination of keratoconus and 
Fuchs’ endothelial dystrophy. Her 
family posseses infrequently reported 
cases of familial keratoconus and 
three female generations with Fuchs’ 
dystrophy suggestive of, but not con- 
clusive for, an apparent autosomal- 
dominant inheritance pattern with 
variable penetrance. 
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Laboratory Sciences 


Experimental Radial Thermokeratoplasty in Rabbits 


Sandy T. Feldman, MD; William Ellis, MD; Joseph Frucht-Pery, MD; 


Arturo Chayet, MD; Stuart I. Brown, MD 


è Radial thermokeratoplasty is a new 
technique designed to reduce hyperopia. 
We evaluated the histopathological ef- 
fect at 2, 4, and 30 days following radial 
thermokeratoplasty in rabbit corneas. 
Surgical complications included vari- 
able-sized coagulations and microperfor- 
ations in two eyes. Light microscopy 
disclosed that the burns were 90% in 
depth and healing occurred by epithelial 
ingrowth. The stroma surrounding the 
coagulation was acellular early but kera- 
tocyte repopulation was apparent by 30 
days. A retrocorneal membrane four to 
five cells thick was noted at the early 
time points; however, by 30 days only a 
double layer of spindle-shaped cells re- 
mained. By electron microscopy, dam- 
age to surrounding endothelial cells was 
estimated to be 300 um (from the center 
of the coagulation). Our results suggest 
that radial thermokeratoplasty, which uti- 
lizes a temperature of 600°C placed with- 
in the cornea to a depth of 90%, will 
cause significant damage to the corneal 
endothelium beneath and surrounding 
the coagulation site. 

(Arch Ophthalmol. 1990;108:997-1000) 


Various methods of heat have been 

applied to the cornea to modify its 
curvature. Recently, Fyodorov has 
described a new technique, radial ther- 
mokeratoplasty (TKP), which utilizes 
heat to reduce hyperopia and/or astig- 
matism. Initially, this method consist- 
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ed of thermal coagulation applied to 
the cornea at a depth of 50%; however, 
the correction of only mild amounts of 
hyperopia led to a modification that 
employed deeper thermal applica- 
tions.”’ In this study, we investigated 
the histopathological effect of Fyodo- 
rov’s newer technique of deep rTKP on 
the rabbit cornea. 


SUBJECTS AND METHODS 


Eight eyes of four adult New Zealand 
albino rabbits were used in this study. 
Rabbits were anesthetized with sodium 
phenobarbital (20 mg/kg) and rTKP was 
performed under sterile conditions. Corneal 
thickness was measured with a pachometer 
(H9001034, Haig-Strait, Bern, Switzer- 
land). Topical anesthesia (0.1% propara- 
caine hydrochloride) was applied and the 
visual axis and optical zone were marked. 
Premeasured radial markers were used to 
imprint the epithelial surface prior to the 
application of heat. The guarded wire probe 
of the Fyodorov infrared unit was adjusted 
to 90% depth of the central corneal thick- 
ness. The instrument (Fig 1) used to heat 
the cornea was one of the original Russian 
instruments designed specifically for ther- 
mokeratoplasty. One of the authors (W.E.) 
was trained in this procedure at the Mos- 
cow Research Institute for Eye Microsur- 
gery. The handpiece (Fig 1) contained an 
adjustable wire probe with a guard, so that 
the probe inserted into the cornea was of a 
preset length. The depth of the wire probe 
was adjusted by a micrometer dial located 
on the handpiece and was checked against a 
block-style gauge. Then, this wire was low- 
ered into the cornea, heated to 600°C for 
three tenths of a second and raised out of 
the cornea via automated control by a foot- 
pedal. Four thermal burns were placed 
within each of the six radially marked zones 
(24 total burns in each cornea), leaving a 
central optical zone of 6 mm. The procedure 
was standardized for all animals to deter- 
mine the safety of thermokeratoplasty. This 
surgical procedure was chosen since it rep- 
resented a possible surgery for humans 


with low hyperopia. Fyodorov suggested 
that, for humans, surgery consist of 6 to 14 
rays, an optical zone site of greater than 4.5 
mm (if less than 4.5 mm, corneal flattening 
was observed), and three to four coagula- 
tions per ray (personal communication, 
Fyodorov, 1987). Surgery in humans is 
determined by a computerized program 
that requires input of corneal thickness, 
corneal diameter, rigidity, keratometry, 
anterior chamber depth, axial length, in- 
traocular pressure, and refraction. 

Postoperatively, topical gentamicin sul- 
fate was administered three times daily to 
each eye until epithelialization was com- 
plete. Topical 1% prednisolone acetate was 
also applied three times daily after com- 
plete epithelial healing until the rabbits 
were sacrificed. The rabbits were examined 
daily by biomicroscopy with fluorescein 
staining until the defects were healed and, 
thereafter, were examined weekly. The 
rabbits were sacrificed on postoperative 
days 2, 4, and 30. The corneas were excised 
and examined as whole mounts stained with 
0.2% nitroblue tetrazolium? or trypan 
blue,” or were sectioned and examined 
under light microscopy. For light microsco- 
py, thicker sections (1 pm) were stained 
with basic fuchsin and alkalinized methy- 
lene blue or hematoxylin-eosin. 

Electron microscopy was performed on 
one cornea from each rabbit sacrificed on 
days 2 and 4. Segments of the involved 
cornea were fixed in 2.5% glutaraldehyde, 
postfixed in 1% osmium tetroxide, dehy- 
drated, and embedded in epoxy resin 
(Epon/Araldite). Thin (600 Angstrom) sec- 
tions were stained with uranyl acetate—lead 
citrate and viewed on a Zeiss 60-kilovolt 
(kV) electron microscope. Sections were 
obtained through the cauterized area until 
viable endothelial cells were seen. 


RESULTS 


Application of the thermal probe re- 
sulted in an immediate deep coagula- 
tion of the rabbit cornea (Fig 2). Each 
application had a grossly visible tract 
through the center of the coagulated 
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area. At some sites, striae extended 
radially from the zone of coagulation. 
The coagulation sites varied in size. All 
corneas remained transparent between 
the coagulation sites. Two eyes devel- 
oped leaking microperforations. 
Corneal epithelialization was com- 
plete 2 days after surgery. At this 
time, whole, flat mounts stained for 
living cells with nitroblue tetrazolium 
dye displayed endothelial destruction 
beneath and surrounding each burn 
tract (Fig 3). Light microscopy dis- 
closed a multilayered epithelium plug- 
ging the markedly irregular burn 
tract. Stromal condensation sur- 
rounded the burn site. The wound 
depth was approximately 90% of the 
cornea. Descemet’s membrane was 
thinned (approximately 50%) beneath 
the coagulation site but the endotheli- 
um was replaced by a multicellular 





Fig 1.—Photograph of the Russian thermal instrument and handpiece. 
The guard enabled insertion of the wire probe to a preset value. The 
wire probe was not yet inserted in this photograph. 


a 





Fig 3.—Whole, flat-mounted cornea stained with nitroblue tetrazolium 
displays endothelial damage surrounded by normal endothelium. 
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layer of spindle-shaped cells (Fig 4). A 
normal endothelial monolayer was de- 
tected 300 um from the center of the 
burn. Transmission electron microsco- 
py revealed an irregular epithelial bas- 
al lamina, keratocyte necrosis and an 
abnormal arrangement of stromal col- 
lagen fibers (Fig 5). Various stages of 
necrosing endothelial cells, as evi- 
denced by margination of nuclear chro- 
matin, vacuolization of the cytoplasm, 
dilation of mitochondria and rough en- 
doplasmic reticulum, composed the re- 
tro-corneal membrane (Fig 6). Thin- 
ning of this layer and increased cell 
viability were noted in sections away 
from the burn site (Fig 7). 

Four days after thermokeratoplasty, 
light microscopy once again showed 
epithelial plugging of the markedly ir- 
regular burn tract. Severe stromal 
acellularity was detected in a zone of 


250 to 400 um surrounding the burn 
tract (Fig 8). On transmission electron 
microscopy, activated keratocytes 
were noted adjacent to the area of 
acellular stroma. As in the 2-day speci- 
mens, the multiple endothelial cell lay- 
er was thickest directly beneath the 
burn tract and tapered to a viable 
monolayer of endothelial cells con- 
firmed on electron microscopy. 

At 30 days, thinning of the cornea 
was noted. Keratocytes repopulated 
the previously acellular stroma and the 
collagen lamellae were regularly ar- 
ranged. Two layers of spindle-shaped 
cells still covered Descemet’s mem- 
brane (Fig 9). 


COMMENT 


Heat has been used in various ways 
to alter the curvature of the cornea 





Fig 2.—Photograph of a rabbit eye immediately following radial ther- 
mokeratoplasty. Note the variation in size of coagulations, slightly 


irregular spacing, and contraction caused by limbal coagulation. 





Fig 4.—Light micrograph of the coagulation site disclosed epithelial 
healing, irregular margins, and thinning of Descemet’s membrane 
underneath the coagulation and large retrocorneal membrane (four to 
five cell layers thick) (original magnification x 40). 
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since 1898."° The earlier techniques 
included thermal cautery,*’ superficial 
probe thermokeratoplasty,”’* and the 
Los Alamos (NM) radiofrequency-in- 
duced hyperthermia.”” All of these 
methods have been abandoned because 
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the results were not stable or predict- 
able.” Most recently, Fyodorov has 
developed a new surgical procedure, 
rTKP, to reduce hyperopia and/or 
astigmatism. It differs from the earlier 
techniques in that a wire probe is 
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Fig 5.— Electron micrograph showing an irregular arrangement of stromal collagen and necros- 


ing keratocyte (original magnification x 6400). 


Fig 6.— Electron micrograph displaying degenerating endothelial cells 


with chromatin clumping and marked cytoplasmic vacuolization and 
viable fibroblastlike (spindle-shaped) cells with abundant endoplas- 


mic reticulum in magnification x 7200). 
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- inserted into the cornea to a depth of 


90% and the probe is heated to a 
temperature that is 10- to 12-fold high- 
er than the shrinkage temperature of 
corneal collagen.” Six to 14 rays of 
three to four coagulations per ray are 
placed in the midperipheral to periph- 
eral cornea (personal communication, 
Fyodorov, 1987). 

Histopathological studies in rabbits 
following superficial probe thermoker- 
atoplasty revealed early endothelial 
edema but little permanent endothelial 
cell damage.” In humans that required 
subsequent transplantation 1.5 to 11 
months after treatment, histopatholog- 
ical examination revealed focal absence 
of the epithelial basement membrane 
and/or Bowman’s layer in some pa- 
tients.*" To date, there have been no 
published animal studies demonstrat- 
ing the histopathological features fol- 
lowing Fyodorov’s modification in the 
Western literature. Our study was de- 
signed to assess the morphological ef- 
fect of rTKP on the rabbit cornea. 

The surgical complications included 
variations in coagulation size and mi- 
croperforations. Different-sized co- 
agulations may have resulted from 
variations in the attained probe tem- 
perature from irregular heating by the 
thermal unit, from the accumulation of 
debris that remained on the handpiece 
from the prior coagulation, or from 
bending the fine wire probe. Microper- 
forations occurred at one coagulation 
site in two eyes and may have been 
caused by inaccuracies of the instru- 
ment’s settings of the corneas or exces- 
sive pressure on the handpiece. De- 
spite corneal collagen shrinkage and 
possible wound gape, these perforation 
sites closed within a few minutes. In 
the rabbit, corneal perforations are 
quickly sealed by endogenous fibrin 


Fig 7.—Electron micrograph displaying normal endothelial cell sur- 
rounding the coagulation site (approximately 300 ym), collagen 


clumping, and activated keratocyte (original DOPINGA x 7200). 
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Fig 8.—Light micrograph of coagulation site showing irregularity of 
edge and marked stromal acellularity with vacuolization of Desce- 
met's membrane and a retrocorneal membrane (four to five cell layers 
thick) (original magnification x 40). 


but because humans lack this re- 
sponse, microperforations may be 
more dangerous in humans. In addi- 
tion, contraction of the surrounding 
stroma may enlarge the burn tracts so 
perforations may remain unsealed for 
prolonged periods. The pattern of 
forces involved in contraction of these 
burns differs from those following su- 
perficial probe thermokeratoplasty, 
which serve to heal perforations. 

Our morphological studies demon- 
strated that the achieved coagulation 
depth was 90%, the depth suggested 
by Fyodorov for deep thermal coagula- 
tion.’ Epithelial and stromal necrosis 
of the burn tract occurred early. The 
defect created by the loss of necrotic 
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Fig 9.—Light micrograph of a cornea 1 month following radial thermo- 
keratoplasty. The cornea is thinned, the stroma is repopulated with 
keratocytes, and the retrocorneal membrane is two cell layers thick 


(original magnification x 40). 


tissue healed by 48 hours as epithelium 
grew posteriorly within the cornea. 
Surrounding the burn tract, stromal 
necrosis was noted at 4 days. Our most 
important observation was that dam- 
age to the endothelium occurred di- 
rectly under the burn and extended 
circumferentially with a radius of ap- 
proximately 300 um. A retrocorneal 
membrane, four to five layers at its 
thickest location, replaced the necrotic 
endothelial monolayer. This retrocor- 
neal membrane may represent prolif- 
eration from the surrounding endothe- 
lial cells or from fibroblasts in the 
anterior chamber. We can estimate by 
the formula mr” the area of endothelial 
damage surrounding each burn. Since 
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- -@ The proliferation and fibrous meta- 
-plasia of retinal glial and pigment epithe- 
~ Hal cells cause proliferative vitreoretino- 
pathy. The immunotoxin 454A12 MAB- 
-.. TRA is composed of a murine monoclo- 
-> nal antibody, specific for the human 
-transferrin receptor, and is chemically 
d to recombinant ricin A chain, a 
cellular toxin. The rapidiy proliferating 
-. gells take up the immunotoxin, but non- 
-proliferating cells do not. Using a colla- 
`: = gen-gel medium to simulate the vitreous, 
~~ we have studied the effect of the immu- 
notoxin on fibroblast proliferation in vi- 

tro. Exposure of the fibroblasts to 1000 

ng of immunotoxin per milliliter of the 
















a collagen gel medium for 10 minutes kilis- 


96% or more of the cells for 20 days. 


These in vitro data indicate that the im- 


munotoxin is effective in an environment 

similar to the vitreous; however, in vivo 

studies will be negessary to prove if it is 

| a suitable agent for the long-term preven- 

er tion of cell proliferation in the human 
seye 





-U (Areh Ophthalmol. 1990;108:1009- 
| 1011) 
Proliferative vitreoretinopathy 


- (PVR) and several other conditions 
- characterized by excessive scar tissue 
frequently occur in eyes that have 
-= experienced accidental and surgical 
trauma. Many pharmaceutical agents 
have been suggested to reduce this 
tissue proliferation, but no agent has 
been sufficiently effective for general 
use.“ Immunotoxins have been exten- 
_ sively studied as agents to destroy 
-~ cancer cells, but little research has 
been directed to their utilization for 
lective inhibition of excessive prolif- 
eration of certain normal tissues. 
Immunotoxins are hybrid molecules 
< -composed of a monoclonal antibody 
~~ chemically linked to a biologically toxic 
moiety. The antibody portion of the 
immunotoxin directs the molecule to 
the surface of the target cell. The cell 
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C g-term Inhibition of Cellular 
Proliferation by Immunotoxins 


ernon M. Hermsen, MD; Sam F. A. Fulcher, MD; A. Michael Spiekerman, PhD; 


internalizes both portions of the com- 
plex, and its vital biological processes 
are lethally altered. 

Immunotoxins are potentially potent 
weapons against excessive prolifera- 
tion of scar tissue in conditions such as 
PVR. This is attributable to (1) their 
ability to produce customized mole- 
cules by using monoclonal antibodies 
directed against different receptors on 
the cell surface and (2) the variety of 
toxins. An immunotoxin that seems to 
be uniquely suited for the treatment of 
these conditions may already have 
been synthesized. 

We reported previously that the im- 
munotoxin 454A12 MAB-rRA was able 
to kill 95% of actively dividing, noncon- 
fluent human corneal endothelial cells 
in tissue culture but was not able to kill 
confluent cells.° Our current studies 
indicate that the lethality of this im- 
munotoxin. is effective for prolonged 
periods. Since this agent is capable of 
binding to nonconfluent cells (such as 
fibroblasts in the eye) and preventing 
their growth for several weeks after 
exposure, it could be useful in the 
treatment and prevention of PVR. In 
this article, we report quantitative 
studies utilizing the immunotoxin 
454A12 MAB-rRA in a three-dimen- 
sional collagen-gel vitreouslike model 
of PVR. 


MATERIALS AND METHODS 
Collagen-Gei Model 


The collagen-gel model utilized in these 
studies is a modification of the one „de- 
seribed by van Bockxmeer and Martin.” 

Seven grams of collagen fibers was har- 
vested from the tails of 10 Sprague-Dawley 
rats, The fibers were placed in 750 mL of a 
1:1000 solution of glacial acetic acid, trans- 
ferred to a 4°C cold room, and stirred for 
72 hours. The extract was clarified and 
sterilized by centrifugation at 25 000g for 2 
hours at 4°C. The solution was adjusted to a 
protein concentration of 1.4 mg/mL, divided 
into 10-mL aliquots, and stored at ~ 80°C 
until it was to be incorporated into the 
model. 

Human foreskin fibroblasts were grown 
at 37°C in a humidified 5% carbon dioxide 
atmosphere, utilizing RPMI with 10% fetal 
bovine serum in 25-cm* flasks. Confluent 
cells that had undergone 5 to 10 tissue 
culture passages were trypsinized at 37°C 
for 5 minutes. The reaction was quenched 
with calcium- and magnesium-free Hank’s 
phosphate-buffered saline (PBS) solution 
with 10% fetal bovine serum. The cells were 





then centrifuged at 2000 rpm for 5 minutes 
and resuspended in Hank's PBS solution to 
limit clumping. We removed an aliquot for 
viability testing with trypan blue exclusion 
and counting in a hemocytometer. The cells 
were then suspended in PBS, adjusted to a 
concentration of 50 000 cells per milliliter, 
and incubated with immunotoxin in 10-mL 
centrifuge tubes for 10, 20, or 60 minutes. 
Immunotoxin 454412 MAB-rRA (Cetus 
Corp, Emmeryville, Calif) was added to 
the tubes in concentrations of 50, 100, 500, 
1000, or 2000 ng/mL. After incubation, cells 
were centrifuged at 1100 rpm for 5 minutes, 
resuspended in 5 mL of Hanks PBS solu- 
tion, and washed two additional times with 
PBS to remove any residual unbound im- 
munotoxin. 

These immunotoxin-exposed fibroblasts 
(50 000 cells) were suspended in 100 uL of 
fetal bovine serum. They were combined 
with 200 pL of 5X RPMI, 36 uL of 5.6% 
sodium bicarbonate, 33 pL of 0.40 mmol/L 
sodium hydroxide, 111 uL of water, 10 pL 
of a penicillin and streptomycin mixture, 
and 10 uL of L-glutamine (200 mmol/L). 
This mixture was combined with 500 pL of 
the rat tail collagen solution in ice. The pH 
was adjusted to 7.4 with sodium hydroxide. 
We placed 150 pL of this combination in 
each well of flat-bottom microtitration 
plates (96-well, Corning Glass Works, Cor- 
ning, NY). After the collagen had gelled, 
the content of each well was overlaid with 
50 pL of RPMI. 

The gels were transferred to a 87°C hu- > 
midified 5% earbon dioxide atmosphere. > 
Gels were harvested at 4, 16, or 20 days. 
Twenty hours prior to harvesting, the over- 
lay was carefully removed by suction and 
replaced with 49 uL of RPMI and 1 pL 
(0.1 pCi) of tritiated thymidine (TRK 300, 
Amersham Corp, Arlington Heights, HD. 
A minimum of four wells of each parameter 
were tested. After 20 hours, the overlay 
was replaced with 50 pL of a solution 
containing 15 mg of type IV collagenase 
(Worthington Biochemical Corp, Freehold, 
NJ) and 0.625 mg of octylphenoxy polyeth- 
oxyethanol (Triton X 100, Sigma Chemical 
Co, St Louis, Mo) per milliliter of water. 
The freed cells were then retrieved from ` 
the liquefied gel with an automated cell- 
harvester (PHD 200, Cambridge Inc, Wa- 
tertown, Mass) Glass fiber filter dises 
containing the lysed cell remnants were — 
removed from the cell harvester and placed 
in borosilicate glass scintillation vials. Four — 
milliliters of liquid scintillation cocktail com- ~ 
posed of pseudocumene and paraxylene - 
(Aquasol, New England Nuclear Research. 
Products, Boston, Mass) was placed in each 
vial. The vials were allowed to stand for 0: 
minutes. They were then counted 
minutes in a liquid scintillation eo 
(Beckman Instruments Tne, F 
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Calif) using Beckman’s disintegrations per 
minute program, which measures the rate 
of absolute activity taking place within the 
sample. Controls consisting of (1) gels con- 
taining neither fibroblasts nor immuno- 
toxin, (2) gels containing fibroblasts but no 
immunotoxin, and (3) gels containing heat- 
killed fibroblasts treated with immunotoxin 
were run with each group of gels harvested. 
We also performed other control studies, 
substituting the immunotoxin with various 
concentrations of unconjugated monoclonal 
antibody 454A12, unconjugated recombi- 
nant ricin A chain (rRA), or a nonspecific 
immunotoxin consisting of recombinant ri- 
cin A chain conjugated to a nonspecific 
antibody (MOPC21). 


Production and Characterization 
of the Monoclonal Antibody 


The 454A12, an IgGl isotype murine 
monoclonal antibody, was produced by 
standard fusion techniques described previ- 
ously." It binds with high specificity to the 
transferrin receptors of the human cell sur- 
face and immunoprecipitates the 95K MW 
subunit transferrin receptor. It recognizes 
an antigenic site distant from the actual 
transferrin binding site and does not inter- 
fere with transferrin binding to its receptor 
or the internalization of transferrin. 


Immunotoxin Synthesis 


Recombinant ricin A chain obtained from 
Escherichia coli was purified to over 99% 
homogeneity and joined to the monoclonal 
antibody using chemical linking agents." 
The resultant immunotoxin was purified to 
a point where there was no detectable 
unconjugated 454A12 or recombinant ricin 
A chain in the final immunotoxin. 


RESULTS 


We observed 50% or greater cell 
death after 60 minutes of incubation 
with as low a concentration as 
100 ng/mL of 454A12 MAB-rRA, 
whether cells were cultured for 4 or 20 
days (Table 1). At higher doses (500 to 
2000 ng/mL), greater than 70% cell 
death was observed following as short 
an incubation time as 5 minutes. The 
data indicate that a 20-minute expo- 
sure to 500 ng/mL is sufficient to cause 
greater than 90% cell death for 20 
days. Higher doses with shorter peri- 
ods of immunotoxin exposure can be 
used to achieve the same degree of cell 
death. 

The unconjugated monoclonal anti- 
body 454A12, unconjugated ricin A 
chain (rRA), and the nonspecific im- 
munotoxin had no significant effect on 
cellular proliferation (Table 2). Uncon- 
jugated ricin A chain inhibited cell 
growth by 23% at 6 days (when incu- 
bated with cells for 10 minutes at a 
concentration of 4000 ng/mL). By con- 
trast, comparable concentrations of 
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Table 1.—Etfect of 454412 MAB-rRA on a Human Fibroblast Cell Line Grown 


% Cell Death Caused by 
454A12 MAB-rRA 
immunotoxin After 4 or 20 d of Culture 
Incubation Or 
Period, min 4d 20 d 


immunotoxin 
Concentration, 


ng/mL 





* Fibroblasts were incubated with 454A12 MAB-rRA for the specified time, washed twice, and then cultured 
in a collagen-gel medium for the specified number of days in the absence of 454A12 MAB-rRA. Tritiated thy- 
midine was added to the cultures 4 to 6 hours before harvesting on the fourth or 20th day after incubation was 


initiated. Negative values indicate stimulation of growth. 





Incubation 
Period, Test Material 
min Compounds 


O 
10 MOPC21-rRA 


10 454A12 MAB 






Table 2.—Comparative Effects of 454A12 MAB-rRA, Ricin A Chain a ae ik 
Nonspecific / Nontoxic Immunoglobins on Growth of Human Fibroblasts 
in an Artificial Vitreous Gel* 


Concentration, 


6 
1 454A12 MAB-rRA 1000 9 98 
4000 7 sie 
= =10 
1 1000 1 ! 
4000 2 ’ 


(0) rRA 4 . 
3 ‘ 


* Fibroblasts were incubated with immunotoxin, ricin A chain, or nonspecific / nontoxic immunoglobins for the 









Mean % Cell Death 
After 6 and 20d 
— aaa 

d 20d 
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6 
1000 8 
4000 —4 SE 
1000 =. 0 





4000 
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specified times, washed twice, and then cultured in a collagen-gel medium for the specified number of days in 
the absence of the test agents. Negative values indicate stimulation of growth. 


454A12 MAB-rRA killed 76% to 98% of 
cells. Although the concentrations are 
the same on the basis of nanograms 
per milliliter, the concentration of the 
ricin A chain is approximately 3.5 
times greater than that of the 454A12 
MAB-rRA on a molar basis. 

Only the cellular proliferation por- 
tion of the van Bockxmeer and Martin” 
model was used. The gel contraction 
portion of the model, which studies the 
contractile forces placed on the colla- 
gen fibrils by the proliferating cells, 
was not studied because the gels that 
contained significant concentrations of 
immunotoxin killed most of the fibro- 
blasts, and no contraction occurred 


during the 20-day study period. Con- 
trol gels, which contained fibroblasts 
not killed by heat or not treated with 
454A12 MBA-rRA, did contract and 
detach from the walls of the polysty- 
rene plates. The contraction of control 
gels limited the study time to 20 days 
because cell division became erratic in 
the contracted gels. 


COMMENT 


Ehrlich” first suggested (in 1898) 
the possibility of producing molecules 
that would selectively target and de- 
stroy specific cell types. This goal was 
first realized in 1968 when Moolten 


Long-term Inhibition—Hermsen et al 











z and Cooperband” achieved selective 
destruction of targeted cells. They uti- 
lized a crude immunotoxin, composed 
ofa polyclonal antibody linked to diph- 
=> theria toxin. The more sophisticated 
~ immunotoxin 454412 MAB-rRA, the 
focus of this study, is an excellent 
example of an agent that has a high 
predilection to target and kill a partic- 

ular population of cells, ie, actively 
proliferating nonconfluent cells. An 
ideal agent for the treatment of PVR 
would (1) be injected at the time of 
surgical repair of a retinal detachment 

or penetrating trauma and (2) remain 

w- din the eye long enough to destroy 
. proliferating cells in the vitreous cavi- 
-ty and on the retinal surfaces. Of the 
drugs suggested so far, only triameino- 
-lone acetonide has been demonstrated 
~ <<to have a sufficient half-life to sustain 

_-an antiproliferative effect on invading 

fibroblasts. To test the immunotoxin 
454A12 MAB-rRA, we utilized the col- 
lagen-gel model reported here. The 
collagen-gel model is especially useful 
because it re-creates a collagen matrix 
environment similar to the vitreous 
cavity. It also produces consistent 
quantitative results and utilizes small 
amounts of expensive test agents, such 

as immunotoxins. Because the anti- 
body is specific for the human transfer- 
in receptor, the immunotoxin 454A12 
= = MAB-rRA reacts only with human 
cells. Therefore, unless animal models 
incorporate human cells into the mod- 

el, they will be less reliable than when 
used for testing less-specific antiproli- 
ferative agents. The lethality of the 
immunotoxin 454A12 MAB-rRA is de- 
pendent on both the monoclonal anti- 
body 454A12, which binds to the trans- 
ferrin receptor, and the ricin A chain, 
as indicated by the essentially negative 
results of the unattached molecules. 
Transferrin is the body’s chief iron- 
transporting protein. However, during 
„cell division, even cells that do not 
lave great iron requirements appear 
o have a great affinity for transferrin. 
‘this suggests that it may function as a 
growth factor, independent of its role 
as an iron-bearing protein. This depen- 

- dency for transferrin is expressed by a 
marked increase in the number of 
transferrin receptors expressed on 
both normal and malignant cells during 
division. 

Transferrin is normally internalized 
into the cell after binding to its recep- 
tors. The immunotoxin is also internal- 
ized when the monoclonal antibody 
portion binds to the transferrin recep- 
tor site, carrying with it the toxic 
~ recombinant ricin A chain (rRA). This 
o . toxin. is released, passes to the cyto- 
plasm, and causes cell death by inacti- 







































vating cellular ribosomes and sup- 
pressing protein synthesis. A single 
ricin A chain molecule entering the 
cytosol is sufficient to kill the cell.” 

This immunotoxin is uniquely quali- 
fied for the prevention of PVR because 
it can destroy nonconfluent proliferat- 
ing cells with little effect on confluent 
cells. In addition, the fact that the 
effectiveness of the immunotoxin per- 
sists for at least 20 days enhances its 
desirability. 

In our model, incubating cells with 
immunotoxin in concentrations of 500 
to 1000 ng/mL achieved very effective 
destruction of cells after 20 minutes of 
incubation. Between 1000 to 2000 
ng/mL, only 10 minutes of incubation 
was required to achieve 95% or greater 
levels of cell death. With these low 
concentrations, it is clinically practical 
to attain the desired concentration by 
irrigating the vitreous cavity with a 
balanced salt solution of the immuno- 
toxin. 

The transferrin receptor is also ex- 
pressed in relatively high levels on 
other rapidly growing tissues in the 
body, including hepatocytes, kidney 
tubules, lung macrophage, and epithe- 
lia from other tissues. However, the 
total dose administered to the eye (in 
micrograms) is not expected to cause 
toxicity to these other tissues. Phase 1 
human studies of the drug for the 
systemic treatment of malignant neo- 
plasms suggest that these levels would 
be too low to have any significant 
effect on susceptible tissues." In oth- 
er studies utilizing rabbit eyes, we 
injected 8000 ng of the immunotoxin 
454A12 MBA-rRA in 1 eye and 500 000 
human fibroblasts in both eyes of 22 
animals, and injected 8000 ng of a 
non-species-specific analogue, com- 
posed of transferrin conjugated to ricin 
A chain, in 1 eye of 4 rabbits. No 
evidence of toxicity was noted with 
either agent on biomicroscopic exami- 
nation of the anterior segment, or on 
indirect ophthalmoscopie examination 
of the posterior segment. Tissue from 
the cornea, ciliary body, retina, and 
optic nerve of 4 of the eyes treated 
with 454A12 MBA-rRA were normal 
on examination with the electron 
microscope. 

These in vitro studies utilizing a gel 
environment similar to the vitreous 
cavity indicate that this immunotoxin 
may be effective for the treatment of 
PVR, and may also be equally effec- 
tive, prophylactically, in cases at great 
risk to develop PVR. However, in vivo 
human studies must be performed to 
ensure efficacy and to be certain there 
is no irreversible toxicity to other vital 
intraocular structures. 
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>- @ New perfilcon contact lenses (71% 
water) were placed on one eye of 36 rab- 
- bits under complete tarsorrhaphy for 7 
days. The lenses were then removed, and 
18 were incubated for 1 hour with a sus- 
pension of 1 xX 10° colony-forming units 
-per milliliter of Pseudomonas aeruginosa 
and replaced on their respective corneas. 
. The remaining 18 eyes were inoculated 
with 0.1 mL of the P aeruginosa suspen- 
sion; the lenses were not replaced. All 
eyes were again closed by tarsorrhaphy 
_ for 4, 8, 16, 24, 36, or 48 hours. Ulcerative 
-keratitis occurred in contact lens—wearing 
-eyes only, as P aeruginosa penetrated the 
- epithelium at 8 to 36 hours, and polymor- 
_ phonuclear leukocyte migration began at 
. 24 hours. Compared with conventional 
_ abrasion-wound models, the time course 
-of infectious keratitis in this mode! was 
delayed, possibly due to less preexisting 
corneal trauma, but our findings suggest 
-that soft contact lens wear facilitates bac- 
¿terial invasion and also inhibits the host 
-inflammatory response. 


(Arch Ophthaimol. 1990;108:1012- 


NM icrobial keratitis is a severe com- 

“"* plication of contact lens wear. In 
-recent reports 21% to 30% of all cases 
of ulcerative keratitis were attributed 
„to lens wear, particularly extended- 
wear soft contact lenses (SCLs).* The 
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Keratitis in Contact Lens Overwear 


most frequent causative organism is 
Pseudomonas aeruginosa.*** Patho- 
genetic factors that play a role in me- 
diating bacterial adherence in P aeru- 
ginosa keratitis include specific viru- 
lence factors, such as pili, bacterial 
physiochemical net surface charge, 
carbohydrate adhesions, and the gly- 
cocalyx, as well as exotoxins and 
endotoxins.” Sialic acid is important 
as a corneal receptor and fibronectin as 
a protective component for P aerugi- 
nosa adhesion.'* In addition, humoral 
and cellular defense mechanisms, age, 
tear film alterations, and blinking reg- 
ulate the normal ocular defense. Ex- 
tended SCL wear can interfere with all 
these factors.%>!8 

Pseudomonas aeruginosa adheres 
avidly to worn” and new” SCLs, which 
can then become sources of infection. 
Little is known, however, about the 
mechanism that renders contact lens 
wearers susceptible to P aeruginosa 
keratitis, and the initiation of the dis- 
ease is not fully understood. Experi- 
mental P aeruginosa keratitis has 
been investigated in several animal 
models. All these models have re- 
quired epithelial abrasion, stromal 
wounding, or intrastromal bacterial 
injection because P aeruginosa may 
not be able to penetrate the intact cor- 
neal epithelium. Therefore, trauma 
seems to be a prerequisite for the devel- 
opment of P aeruginosa keratitis.’ 

The present study sought to follow, 
both clinically and histopathological- 
ly, the time course of P aeruginosa 
keratitis initiated by a contact lens 
overwear situation under complete 
tarsorrhaphy followed either by addi- 
tional wear of a bacteria-contami- 





Time Course of Experimental Pseudomonas aeruginosa 
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nated SCL” or by exposure to a bac- 
terial suspension. 


MATERIALS AND METHODS 
Pseudomonas aeruginosa 


A single strain of P aeruginosa, har- 
vested from a human corneal ulcer, was 
used for all experiments. The bacteria were 
stored at —70°C in tryptic soy broth (Difco, 
Detroit, Mich) and 5% glycerol (Sigma, St 
Louis, Mo) in 5-mL portions. For each 
experiment, a bacterial concentration of 
1 X 10° colony-forming units (CFU) per mil- 
liliter was obtained using previously de- 
scribed methods.” 


Contact Lenses 


The hydrophilic soft perfileon A lenses 
(Permalens, CooperVision, San Jose, Calif) 
used are a terpolymer of 2-hydroxyethyl- 
methacrylate (2-HEMA), vinyl pyrroli- 
done, and other methylacrylates and con- 
tain 71% water (Group IV, Food and Drug 
Administration [Washington, DC] clas- 
sification”). A lens with a base curve of 
7.7 mm and a diameter of 12.5 mm was 
found to fit best on the rabbit cornea.” This 
particular lens was chosen for its ability to 
be fitted and retained on the rabbit cornea. 
No study has yet demonstrated that any 
particular SCL type is more prone to cause 
microbial keratitis. 


Experimental Protocol 


The nictitating membrane of both eyes of 
37 albino New Zealand rabbits (2.8 to 3.5 kg) 
was removed to assure a good contact lens 
fit.” Anesthesia was obtained with 1 mL/kg 
of ketamine hydrochloride (Vetalar) (100 
ug/mL) and 0.5 mL of chlorpromazine hy- 
drochloride (Thorazine) (25 pg/mL) in- 
jected intramuscularly. 

Ten days after membrane removal, slit- 
lamp examination was performed to con- 
firm that all eyes were healed. One eye of 
each animal was then fitted with a sterile, 
new SCL and complete tarsorrhaphy 
was performed.” The tarsorrhaphy was 
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examined daily, and antibiotic ointment 
was applied to avoid external wound infec- 
tion. After 7 days, the eyes were opened, the 
SCL removed, and the animals randomly 
divided into two groups of 18 each. 

For group A rabbits, each SCL was incu- 
bated in 5 mL of a 1 X 10° CFU/mL P aeru- 
ginosa suspension for 1 hour at room tem- 
perature. (Attachment of this bacterial 
strain to SCL worn under these conditions 
was confirmed by scanning electron micros- 
copy [SEM].*°*?) The SCLs were then rinsed 
with double-filtered phosphate-buffered sa- 
line and replaced on their respective cor- 
neas, and the eyes were again closed by 
complete tarsorrhaphy. The duration of the 
second tarsorrhaphy and infectious contact 
lens wear was 4, 8, 16, 24, 36, or 48 hours (3 
eyes at each time interval). 

For group B rabbits, the SCLs were not 
replaced. The eye that had worn the lens 
received 0.1 mL of a 1X10! CFU/mL 
P aeruginosa suspension. By SEM,”® the 
number of P aeruginosa attached to the 
surface of perfilcon A lenses incubated for 
1 hour in 5 mL of 1 x 10° CFU/mL of 
P aeruginosa was determined to be 
92+5.7xX10° CFU per lens (18740 + 
11582 CFU/mm’?, in a total lens area of 
490.9 mm), about the same number as in 0.1 
mL of the P aeruginosa suspension used to 
incubate the lens for group A. The suspen- 
sion was applied topically into the conjunc- 
tival cul-de-sac in three equal portions at 
10-minute intervals. The eyes were then 
surgically closed and observed over the 
same time intervals as those in group A. 

In one additional animal, the virulence of 
the Pseudomonas strain was verified by 
seeding a linear corneal abrasion (produced 
by a 25-gauge needle) with 0.1 mL of the 
same Pseudomonas suspension. This ani- 
mal was observed for 4 hours, according to 
the model of P aeruginosa keratitis devel- 
oped by Hyndiuk.* 

Slit-lamp examination, vital staining, 
and photodocumentation were performed 
at all steps of the experiment. In addition, 
the corneal thickness of both experimental 
and fellow control eyes was measured using 
an ultrasonic pachymeter (Cilco, Hunting- 
ton, WVa); results for day 0, day 7, and the 
infectious periods were compared by the 
Wilcoxon signed rank test and the pair dif- 
ference t test.” 

Conjunctival smears obtained on day 7 of 
lid closure with SCL wear as well as after 
each contamination period were cultured 
on blood and chocolate agar at 36°C. 

The rabbits were killed by intravenous 
injection of an overdose of sodium pento- 
barbital. The SCLs were removed and fixed, 
and the corneas were immediately fixed in 
situ with half-strength Karnovsky’s fixa- 
tive for 1 minute. The globes were then 
enucleated and fixed for 1 hour and the cor- 
neas excised. 

For SEM and transmission electron mi- 
croscopy (TEM), the corneas and SCL were 
prepared by routine techniques. Multiple 
specimens of each cornea were plastic-em- 
bedded, semi-thin-sectioned, stained with 
paraphenylenediamine, and viewed by 
phase contrast microscopy to determine 
representative areas for TEM examination 
and for correlation with SEM surveys. 
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Fig 1.—Corneal thickness measurements in time course of infectious keratitis in contact lens 
overwear. Top, Group A eyes. Bottom, Group B eyes. (Mean + SD; n = 18 for day O and day 7; 
n = 3 for all other times.) Asterisk indicates significant difference compared with day 0 (P < .05); 
alpha, significant difference compared with day 7 (P = .05). 


RESULTS 


None of the animals showed any ex- 
ternal ocular abnormality before lid 
closure. After 7 days of lid closure, 
corneal edema was noted in 33 of 36 
eyes—mild in 14, moderate in 13, and 
severe in 6. Epithelial lesions were 
present in 35 eyes, varying from su- 
perficial punctate staining to marked 
full-thickness defects. No stromal in- 
filtration or ulceration developed in 
any cornea during this interval. 

On day 7, conjunctival cultures 
showed no bacterial growth in 29 
(80.6% ) of the 36 samples. The re- 
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maining cultures yielded few to mod- 
erate Pasteurella species, organisms 
frequently found in rabbits, but no 
clinical abnormality was associated 
with this finding. After exposure of the 
eyes to P aeruginosa, all conjunctival 
cultures from both groups were posi- 
tive for this organism. 

In group A eyes, corneal thickness 
increased significantly (28.6%, P< 
01) from 0.398 + 0.019 mm on day 0 to 
0.514 + 0.041 mm on day 7 of lid clo- 
sure (Fig 1, top). No changes were 
found at any stage in the fellow control 
eyes. Additional periods of tarsorrha- 
phy up to 48 hours after placement of 
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Table 1.—Clinical Findings After 7 Days of New Soft Contact Lens Wear and 
Bacteria-Contaminated Soft Contact Lens Wear (Group A) or Inoculation With a 
Bacterial Suspension (Group B)* 







Infectious Period, ht 










Clinical Finding 


Group A 
Discharge 






None Mild Moderate/ Severe 


severe 


None Moderate 










Mild / 
moderate 


Mild / 
moderate 


Corneal edema Moderate Severe Severe Severe 
























Corneal epithelial ED to ECU 
defects and 


ulceration 














Group B 
Discharge None None None None None None 
Corneal edema Mild / Mild / Mild / Moderate Moderate Severe 
ae moderate moderate moderate 
Corneal epithelial SPS to ED ED ED ED ED ED 







defects and 
ulceration 









* Results are average scores of uniform findings; n = 3 eyes per time interval. 

tSPS indicates superficial punctate staining; ED, epithelial defect; ECU, early corneal ulceration, mild ante- 
rior chamber reaction; CU, corneal ulceration, iritis; and SCU, severe cornea ulceration or ring abscess, 
hypopyon. 


Table 2.—Morphological Findings After 7 Days of New Soft Contact Lens Wear and 
Various Periods of Bacteria-Contaminated Contact Lens Wear (Group A) or Inoculation 
With a Bacterial Suspension (Group B) 


Infectious Period, h 
Morphological 
Finding 24 
Group A 
Bacterial 
adhesion 
Epithelial penetration Yes Yes Yes 
of bacteria 
Epithelial / stromal Yes Yes Yes Not 
invasion of bacteria visible 
PMN infiltration Few/moderate Moderate 


Moderate / Not visible 


not visible 
Yes/not 
visible 


Moderate Abundant Abundant 


Not visible 
Not visible 


Very Rare Abundant 


rare 


Group B 
Bacterial adhesion, 
penetration, or 
stromal invasion 


PMN infiltration 


*PMN indicates polymorphonuclear leukocyte. 


Very rare 
adhesion 
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the contaminated lenses did not result 
in a statistically significant difference 
in corneal thickness in group A eyes 
compared with the corneal thickness 
on day 7. In group B eyes, corneal 
thickness increased from 0.384 + 
0.019 mm on day 0 to 0.492 + 0.047 mm 
on day 7 (P < .01) (Fig 1, bottom). Sta- 
tistically significant corneal thinning 
was present at 8, 16, and 36 hours after 
tarsorrhaphy, and there was signifi- 
cant corneal thickening 48 hours after 
reclosure of the eyes compared with 
corneal thickness on day 7. Corneal 
thickness on day 7 showed no differ- 
ence between groups A and B. 

The clinical findings following bac- 
terial inoculation are summarized in 
Table 1. In group A eyes, discharge was 
first noted after 16 hours and increased 
in amount with longer exposure peri- 
ods. In group B eyes, no discharge was 
seen. In both groups, the mild to mod- 
erate corneal edema of day 7 increased 
in severity after an additional 24 hours 
or more of lid closure. In group A eyes, 
beginning corneal ulceration was first 
noted after 8 hours of contaminated 
SCL wear, and after 24 to 48 hours se- 
vere infections with corneal ulceration 
and intraocular inflammation had de- 
veloped in five of nine eyes. In group B 
eyes, only epithelial defects and a mild 
anterior chamber reaction were evi- 
dent at 48 hours. No infection or ulcer- 
ation was noted in group B eyes at any 
stage. 

Scanning electron microscopy and 
TEM of group A corneas showed all 
stages of an acute, infiltrative inflam- 
matory process (Table 2). Corneal 
edema and superficial epithelial le- 
sions were evident after 4 hours (Fig 
2), but only few bacteria were at- 
tached. Attachment and invasion were 
observed mainly at edematous but in- 
tact epithelial cells around the defect 
(Fig 3). Bacterial invasion began by an 
embedding process in which the bacte- 
ria seemed to dig themselves into the 
cell membrane at 8 hours and develop 
a cavity (Fig 4). Considerable bacterial 
attachment started at 8 hours, with 
some bacteria already invading the 
epithelium. Massive bacterial attach- 
ment, epithelial penetration, and stro- 


Fig 2.—Scanning (top left, top right, bottom 
left) and transmission (bottom right) electron 
micrographs of group A eyes after tarsorrha- 
phy and 4 hours of contaminated soft contact 
lens wear illustrate superficial epithelial exfoli- 
ation (top right, bottom right), intracellular 
edema (top left), and a full-thickness epithelial 
defect (bottom left), without evidence of bac- 
terial infection (original magnification: top left, 
top right, bottom left, * 1200; bottom right, 
4000). 
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mal invasion were apparent at 16 and 
24 hours and decreased from 36 hours 
onward. Transmission electron mi- 
croscopy confirmed the presence of 
bacteria already in the stroma at 
8 hours; however, clinically those cor- 
neas were not yet in an ulcerative stage 
(Fig 5). At 16 hours, minimal accumu- 
lation of polymorphonuclear lympho- 
cytes (PMN) was observed at the edges 
of the epithelial defects, and this host- 
inflammatory response increased over 
the 24-, 36-, and 48-hour periods (Fig 
6). With increasing numbers of PMNs, 
visible bacteria disappeared (Fig 7). 
Severely infected rabbit eyes with ul- 
ceration showed PMNs and a thick, fi- 
brinous coating on their surfaces. As 
this was the dominant finding in these 
eyes, no bacteria could be visualized on 
the surface. By TEM, PMNs were visu- 
alized in the deep epithelial layers and 
stroma after 24 hours, and, in addition 
to enormous amounts of dead cells and 
thick debris, some fibroblasts were 
found. Accumulation of PMNs was 
most intense in severe ulcerations and 
in eyes with ring abscesses and begin- 
ning endophthalmitis. 

The coating on the SCL was ex- 
tremely variable among individual 
rabbits and depended on the produc- 
tion of mucus and discharge. At 
8 hours, some bacteria and some PMNs 
were seen on the lenses (Fig 8). With 
increasing time, fewer bacteria were 
found on the lenses and a thick coating 
developed. Soft contact lenses of eyes 
with ulcerations also showed PMNs 
and cellular debris attached (Fig 8). 

In group B eyes, bacterial attach- 
ment could be observed only rarely at 
4 hours. Epithelial cell exfoliation, de- 
fects, and edema were visualized at all 
stages. However, epithelial penetra- 
tion or stromal invasion by bacteria 
could not be seen at any time point. At 
the defect edges and on the corneal 
surface, PMNs were present as early 
as 4 hours after bacterial inoculation 
(Fig 9) but had disappeared after 24 
hours. 


COMMENT 


A condition mimicking the hypoxia 
and ocular surface damage of the con- 
tact lens overwear syndrome was cre- 
ated in the rabbit by 7 days of SCL 
wear under complete lid closure.” 
This experimental design stressed the 
cornea and resulted in epithelial de- 
fects in 35 (97.2% ) of 36 eyes. We also 
found a 28.6% increase in corneal 
thickness, probably caused by the ex- 
treme conditions of tarsorrhaphy.’”™! 
These clinical findings in rabbits were 
in agreement with signs noted in pa- 
tients presenting with a contact lens 
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Fig 3.—Scanning electron micrographs of group A eyes after 24 hours of soft contact lens wear 
show Pseudomonas aeruginosa adherent to edematous corneal epithelial cells (left) and scattered 
around a partial-thickness defect (asterisk) (right) (original magnification X 1200). 
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Fig 4.— Scanning (top, left and right; center, left and right) and transmission (bottom) electron mi- 
crographs of group A eyes resolve Pseudomonas aeruginosa penetration into the corneal epithe- 
lium. Duration of soft contact lens wear: top left, 36 hours; top right, center left and right, and 
bottom, 8 hours. Note that the embedding process involves lysis of the cell membrane and sur- 
rounding cytoplasm. BM indicates epithelial basement membrane (original magnification: top left 
and right, X3000; center left and right, X6000; bottom, X 11 000). 


overwear syndrome.” The rapid eye 
movement phase of sleep and partly 
open eyes during sleep allow oxygen- 
ation of the tear film and remission of 
overnight corneal swelling.” 

It is uncertain why, after an initial 
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7 days of total tarsorrhaphy and an 
additional infectious period of 48 
hours, the corneas without a contact 
lens in the infectious period (group B) 
swelled significantly more than the 
corneas with a lens (group A) (Fig 1). 
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Fig 5.—Transmission electron micrographs of 
group A eyes after 8 hours of soft contact lens 
wear show Pseudomonas aeruginosa inva- 
sion into the superficial stroma. Epithelium (Ep) 
is extensively necrotic and basement mem- 
brane nearly absent, but stroma appears in- 
tact. PMN indicates polymorphonuclear lym- 
phocytes (original magnification X 4800; inset, 
X24 850). 


Fig 6.—Transmission electron micrograph of 
early ulceration in group A eye after 24 hours 
of soft contact lens wear demonstrates bacte- 
ria within epithelial cells (circled) and markedly 
active polymorphonuclear lymphocyte re- 
sponse within epithelium and stroma. Base- 
ment membrane (asterisks) remains evident 
(original magnification X2250). 
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The highly swollen state of the group 
B corneas is probably due to endothe- 
lial decompensation under the pro- 
longed hypoxic conditions of the cor- 
nea, as reported by Koch et al for 
rabbit eyes at 14 days of total tarsor- 
rhaphy. At 7 days plus 24 hours of to- 
tal tarsorrhaphy, the group A eyes 
were infected and had severe intraoc- 
ular inflammation. They probably had 
a greater degree of endothelial oxygen- 
ation than did the noninflamed group 
B eyes, which had no infection and a 
milder anterior chamber reaction. 
Corneal thinning in group B eyes at 8, 
16, and 36 hours after tarsorrhaphy 
might be due to corneal oxygenation 
through undetected small gaps in the 
tarsorrhaphy. 

Corneal edema (Table 1) is a subjec- 
tive clinical finding of the degree of 
light scattering of the swollen cornea. 
In this case, an edematous epithelium 
might contribute more than the swol- 
len stroma to the observed effect. Cor- 
neal thickness (Fig 1) is an objective 
measurement of corneal swelling. In 
this case, the effect of a swollen epi- 
thelium on the measurement may be 
negligible compared with the effect of 
a relatively highly swollen stroma. 
Therefore, although corneal edema 
and corneal thickness are closely re- 
lated, the correlation might not be ex- 
act, as it is for the observed progres- 
sive corneal edema and corneal thick- 
ness in group A eyes. 

In the present study, the role of the 
contaminated contact lens seems cru- 
cial, as corneal infection and ulcer- 
ation developed only after wear of a 
bacteria-contaminated SCL. Purulent 
ulcerative keratitis and intraocular in- 
flammation were observed in 5 of 18 
eyes after 24 to 48 hours of contami- 
nated lens wear but in none of the 18 
eyes that received the equivalent 
amount of infectious inoculum as a 
suspension (Table 2). This contrasts 
with the report by Duran et al” who 
found that P «aeruginosa suspen- 
sions produced more infections in an 
abraded cornea keratitis model than 
did P aeruginosa-contaminated lenses 
with similar amounts of bacteria. 

Bacterial attachment to contact 
lenses is well documented, although 
the quantitation of bacterial attach- 
ment to new or worn contact lenses in 
vitro has differed among various 
investigators.” A P aeruginosa 
concentration of 1X10* CFU/mL, 
used throughout our study, was suffi- 
cient to produce severe disease. How- 
ever, the actual number of bacteria 
needed to induce corneal infection in 
this animal model, and their viability 
once attached on the lens, remain un- 
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Fig 7.—Phase contrast (top left), transmission (center, bottom left), and scanning (bottom right) 
microscopy of group A eyes disclose increasing amounts of phagocytically active polymorphonu- 
clear lymphocytes in advancing ulcerations. Duration of soft contact lens wear: top left, center, 
bottom right, 48 hours; bottom left, 24 hours. No bacteria were visible (original magnifications: top 
left, X350; center, bottom left, X4000; bottom right, X600). 


certain. 

Previous animal studies of P aeru- 
ginosa keratitis have been unable to 
produce this disease in the presence of 
an intact epithelium; thus, epithelial 
damage seems to be a prerequisite.”!” 
Pseudomonas aeruginosa attachment 
to epithelial cells in the present model 
was observed after 8 hours of infec- 
tious contact lens wear. The bacteria 
were attached to intact but edematous 
cells around the defect areas produced 
by the 7 days of contact lens wear un- 
der a closed lid. Stern et al® found 
preferential attachment of P aerugi- 
nosa to intact dark cells. Other studies 
described bacterial attachment to in- 
jured epithelial cells, basal epithelial 
cells, and bare stroma.***~’ In a recent 
study,” P aeruginosa adherence could 
be enhanced by a partial-thickness ep- 
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ithelial defect produced by filter paper 
contact with the corneal surface. The 
reasons for these varying observations 
are difficult to identify because the 
bacterial strains and experimental de- 
signs differed. 

Hyndiuk*® and Stern et al** studied 
the time course in experimental 
P aeruginosa keratitis with the abra- 
sion model. Stern et al noted bacterial 
attachment to epithelial cells after 15 
minutes and stromal invasion after 30 
postinoculation minutes; Hyndiuk re- 
ported bacterial invasion of the cornea 
after 1 hour. In the experiment re- 
ported here, bacteria began to attach 
to the cornea only after 4 hours, and 
invasion was found after 8 hours. How- 
ever, the process of invasion was sim- 
ilar to the findings of Stern et al. 
“Pocket formation” occurred as a 
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Fig 8.—Phase contrast (inset) and transmission electron microscopy of a Pseudomonas aeru- 
ginosa-contaminated soft contact lens (SCL) after an 8-hour wear (group A eyes) beneath com- 
plete lid closure, showing bacteria (circled) and polymorphonuclear lymphocytes (asterisk) 
embedded within the thick coating of cellular debris and proteinaceous material (original magni- 


fication: main figure, X2700; inset, X220). 





Fig 9.—Scanning electron micrographs of group B corneas showing only superficial epithelial de- 
fects (left, 4 hours) and scattered polymorphonuclear lymphocytes (right, 24 hours) without signs 
of infiltration or bacteria (original magnification: left, X 120; right, X300). 


smooth embedding process of the bac- 
teria with the appearance of a cell- 
melting process, or lysis, to form the 
“pocket.” Stern interpreted these find- 
ings as transcellular migration of the 
bacteria without cellular destruction. 
It appeared to us, however, that the 
epithelium became gradually de- 
stroyed, possibly by a bacterial exo- 
toxin, with the progression of the in- 
filtrative process. In agreement with 
Stern’s observations, we found not all 
bacteria to be involved in the embed- 
ding process. Through 8, 16, and 24 
hours, bacteria could still be visualized 
attached to the epithelium without 
any signs of beginning penetration. 
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Hyndiuk*® reported the presence of 
PMNs as early as 4 hours after seeding 
the corneal wound with bacteria and 
observed PMN penetration into the 
stroma after 8 hours. When only bac- 
terial suspension without SCL was ap- 
plied to the hypoxia-stressed cornea, 
we similarly visualized PMNs on the 
corneal surface as early as 4 hours af- 
ter inoculation. In the presence of an 
SCL, PMN accumulation started after 
16 hours and increased after 24 hours, 
spreading from the edges of the de- 
fects. The delay of the infiltrative in- 
flammatory process in our model may 
be explained by the lesser degree of 
preexisting trauma. However, it could 


also be suggested that contact lens 
wear may itself be responsible for this 
delayed host-inflammatory response. 
This raises the speculation of whether 
the contact lens may act as a mechan- 
ical or other barrier for the host’s early 
inflammatory defense mechanism. 
This idea seems even more interesting 
in the context of Robb and Kuwa- 
bara’s*' presumption that the capillary 
bed of the conjunctiva acts as the 
source of the PMN and that the tear 
film acts as an early transmitter in this 
host-inflammatory response. 

Our findings of the later period cor- 
roborate the observations of Basu and 
Minta.” After the PMNs accumulated 
at the corneal defects and later pene- 
trated into the stroma, they moved 
along the intrastromal lamellae. With 
advancing corneal ulceration, PMN 
migration derived from the limbus, 
and beginning endophthalmitis oc- 
curred with PMNs in the anterior 
chamber. This agrees with the findings 
of Van Horn et al” and Hyndiuk*®’ and 
stresses the importance of the role of 
PMNs in infectious disease. Lesser de- 
grees of corneal destruction have been 
reported in neutropenic guinea pigs 
than in healthy animals.*? Kenyon et 
al** suecessfully used glued-on contact 
lenses in alkali-burned rabbits to elim- 
inate PMN invasion and inhibit ulcer- 
ation. Jones* revealed the role of 
PMNs in corneal necrosis. Steuhl et al* 
emphasized that PMNs are more im- 
portant for corneal damage than is the 
bacterial invasion itself. 

Our experimental design caused 
changes that resemble those associ- 
ated with a contact lens overwear syn- 
drome. In contrast to preexisting mod- 
els,” these changes were induced by 
contact lens overwear under a closed 
eye. Corneal bacterial attachment, in- 
vasion, and penetration seemed influ- 
enced by the contact lens, as the time 
course of the infectious keratitis and 
the host-inflammatory response was 
delayed compared with other animal 
models. Besides the lesser degree of 
corneal trauma in this lens overwear 
situation, the contact lens, possibly 
representing a barrier, may also be re- 
sponsible for this delay. 
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= @ Unilateral glaucomatous optic neur- 
< opathy and optic nerve transections were 
S produced in cynomolgous monkeys, and 
> the optic nerve heads were examined by 
light and electron microscopic immunohis- 
tochemistry. Glaucomatous nerve heads 
showed increased labeling for collagen 
-type iV along the margins of beams in the 
lamina cribrosa, due to accumulation of 
basement membrane-like materials. We 
aiso noted material in the pores of the 
laminar beams that labeled with antibod- 
ies to collagen types |, IH and IV, but not 
elastin. In transected eyes, increased type 
IV tabeling of laminar beam margins re- 
sulted solely from redundant astrocyte 
basement membranes. Extracellular ma- 
trix deposition within laminar pores was 
not observed following optic nerve 
transection; hence this may be a selective 
response to elevated intraocular pressure. 
_ This response may alter the biochemical 
_ composition of the lamina cribrosa and its 
function in patients with elevated intraoc- 
ular pressure. 
= (Arch Ophthalmol. 
1024) 
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E A Previous biochemical study sug- 
| gested that the extracellular ma- 
trix composition of the lamina 
cribrosa in glaucomatous human eyes 
differs from that in normal eyes.' Pos- 
sibly, the connective-tissue framework 
of the optic nerve head in patients with 
glaucoma has a different structure 
from that in normal] eyes, rendering 
the glaucomatous patient more sus- 
. ceptible to damage from elevated in- 
traocular pressure (IOP). However, 
the response of the lamina cribrosa 
extracellular matrix to optic atrophy 
is currently unknown. If the composi- 
‘tion of the lamina cribrosa extracellu- 
Jar matrix?’ can be influenced by ele- 
ated IOP, it is possible that the ee 
chemical ¢ abnormalities observed i 
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glaucomatous eyes are a secondary 
phenomenon and do not contribute to 
the inherent susceptibility of the glau- 
comatous optic nerve head to IOP dam- 
age. 

We have produced unilateral exper- 
imental optic atrophy in cynomolgous 
monkeys by argon laser trabecular 
meshwork treatment. The optic nerve 
heads from these experimental eyes 
were then studied by both light and 
electron microscopic immunohis- 
tochemistry and compared with their 
fellow controls to better understand 
the response of the extracelluar ma- 
trix of the lamina cribrosa to glauco- 
matous and neurogenic optic atrophy. 
Because we were uncertain if differ- 
ences found between glaucomatous 
eyes and their normal controls oc- 
curred secondarily to elevated IOP, the 
loss of axons, or both, additional ani- 
mals underwent unilateral optic nerve 
transection without laser treatment. 
The biochemical composition of the 
optic nerves in these eyes was com- 
pared with that in eyes with chronic 
glaucoma damage to determine the 
relative effects of elevated IOP and de- 
scending optic atrophy on the optic 
nerve extracellular matrix. 


MATERIALS AND METHODS 
Tissue Preparation 


The trabecular meshwork of one eye in 
each of four adult cynomolgous monkeys 
was treated with the argon laser to produce 
elevation of IOP.‘ In each of two additional 
animals, one optic nerve was transected via 
a lateral orbitotomy under a Zeiss operat- 
ing microscope. Sharp microscissors sev- 
ered the optic nerve without violating the 
central retinal vessels.’ All procedures were 
performed under deep surgical anesthesia 
using 9 mg/kg of intramuscular ketamine 
hydrochloride (Bristol, Syracuse, NY) and 
11 mg/kg of intravenous sodium pentobar- 
bital (Harvey Laboratories, Philadelphia, 
Pa) and conformed to the Association for 
Research in Vision and Ophthalmology res- 
olution on the use of animals in research. 
All animals but one were sacrificed by 
exsanguination and perfusion with norma! 
saline followed by 4% paraformaldehyde. 
Eyes were enucleated and dissected, and the 
optic nerve heads were immersed in 4% 
paraformaldehyde for 1 hour. One tran- 
sected animal was exsanguinated and per- 
fused with saline only. Fellowing enucle- 
ation, the optic nerve heads were frozen in 
OCT tissue embedding compound (Miles, 
Naperville, HI) for thick sectioning and 
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light immunohistochemistry by methods 
previously described.’ Untreated fellow 
eyes were examined as controls. 

Optic nerve cross sections taken 2 mm 
behind the globe were postfixed in 1% 
osmium tetroxide in 0.1-mol/L phosphate 
buffer, dehydrated, and embedded in epoxy 
resin. One-micrometer optic nerve cross 
sections were then cut, stained with toluid- 
ine blue, and studied with phase-contrast 
light microscopy to assess the degree of op- 
tic nerve damage. 

Control and experimental nerve heads 
from each animal were longitudinally bi- 
sected into quadrants and washed with 0.1- 
mol/L phosphate buffer (PB). Two quad- 
rants from each nerve head were placed in 
2.3-mol/L sucrose for light immunchis- 
tochemistry, while the other two were em- 
bedded in L R White for immunoelectron 
microscopy. 

For light microscopic immunohisto- 
chemistry,’ optic nerve head quadrants 
were infiltrated with 2.3-mol/L sucrose in 
PB. Blocks that included the lamina 
cribrosa were mounted on stubs, frozen in 
liquid nitrogen, and sectioned at a thickness 
of 1.0 nm on a Reichert-Jung Ultracut-E 
microtome (Reichert-Jung, Vienna, Aus- 
tria) with a FC4E eryo attachment. Sec- 
tions were placed on glass slides coated 
with poly-d-lysine. For immunoelectron 
microscopy,’ blocks were dehydrated in a 
graded methanol series, including en bloc 
2% uranyl acetate, and infiltrated over- 
night with L R White low-viscosity, acrylic 
resin. Blocks were then oriented in capped 
gelatin capsules and polymerized for 3 days 
at 45°C. Pale gold longitudinal sections 
were cut with a diamond knife using a 
Reichert Ultracut-E microtome and col- 
lected on nickel grids coated with Formvar 
(Ladd Industries, Burlington, Vt). 


immunohistochemistry 


Primary antibodies used in these exper- 
iments were affinity-purified goat poly- 
clonal antibodies to human and bovine col- 
lagen types I, HI, and IV (Southern Bio- 
technologies, Birmingham, Ala), and rabbit 
polyclonal antibodies to bovine ligamentum 
nuchae « elastin. Each of the anticollagen 
antibodies was cross adsorbed against the 
remaining purified collagens and specificity 
was confirmed by enzyme-linked immu- 
nosorbent assay by the company. Further 
specificity of these antibodies has been pre- 
viously demonstrated in our laboratory, 
and they have been successfully used in 
light and electron microscopic analyses of 
monkey and human optie nerve heads? 
Elastin antibodies were affinity purified 
and their specificity demonstrated by en- 
zyme-linked immunosorbent assay and 
hemagglutination assay. 
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The light and electron microscopic im- 
munohistochemistry methods used here 
have been described previously.?** Slides 
with l-um frozen sections were blocked 
with 2% normal goat or rabbit serum in 
phosphate-buffered saline (PBS) contain- 
ing 1% bovine serum albumin (PBS-BSA), 
pH 7.4. Sections were then incubated for 60 
minutes in elastin antibodies (1:100) or an- 
tibodies to collagen types I (1:25), III (1:250), 
or IV (1:50) diluted in 1% PBS-BSA. This 
was followed by 30-minute incubations in 
biotinylated secondary antibodies to either 
rabbit or goat IgG (1:250) and then a 45- 
minute incubation in avidin-biotin perixo- 
dase complex (1:125). Sections were devel- 
oped in 0.017% 3-amino-9-ethylearbazole 
with 0.02% hydrogen peroxide in 0.1-mol/L 
sodium acetate buffer (pH 5.3) and then 
counterstained with hematoxylin and cov- 
erslipped with Kaiser’s glycerol jelly. 

Grids for immunoelectron microscopy 
were incubated on droplets of distilled wa- 
ter for 5 minutes and then transferred to 
TRIS buffer, pH 7.2 (20-mmol/L TRIS 
buffer with 500-mmol/L sodium chloride 
and 0.2% polysorbate 20) with 1.0% egg al- 
bumin to block nonspecific binding. Grids 
were then transferred to primary antibod- 
ies diluted 1:25 to 1:50 in TRIS buffer with 
1% egg albumin for 60 minutes. Grids 
exposed to elastin antibodies were then in- 
cubated for 30 minutes on goat antirabbit 





Mean 
Intraocular 
Pressure, 
mm Hg 





Animal Diagnosis 





M754 Minimal 24 
glaucoma 

M790 Moderate 33 
glaucoma 

M743 Severe 43 
glaucoma 

M755 Severe 39 
glaucoma 

M746 Transection 21 

M718 Transection 17 


Animal Intraocular Pressure and Optic Nerve Damage Estimates 


Duration, 





IgG antibodies conjugated to 15-nm colloi- 
dal gold (1:50), purchased from Janssen Life 
Sciences Products (Olem, Belgium). Grids 
labeled with collagen antibodies were incu- 
bated for 45 minutes on biotinylated rabbit 
antigoat IgG antibodies followed by a 45- 
minute incubation in streptavidin conju- 
gated to 15-nm colloidal gold, both pur- 
chased from Janssen Life Sciences Products 
and diluted 1:100 in TRIS buffer with 1% 
egg albumin. After the final washing, all 
grids were counterstained for 24 hours in 
2% osmium vapors and viewed with a Zeiss 
ECM-10 CA transmission electron micro- 
scope. 


RESULTS 


Two animals demonstrated mild to 
moderate glaucomatous optic nerve 
damage, defined as a mild diffuse loss 
of nerve fibers or moderate loss in only 
one region of the nerve with less than 
a 50% loss of neural area. Two addi- 
tional animals had severe glaucoma- 
tous nerve damage, with extensive 
cupping of the optic nerve head (Fig 1, 
left) and loss of more than 75% of the 
neural area, usually with relative pres- 
ervation of fibers in the temporal re- 
gion. Both of these animals had mark- 
edly elevated IOP for more than 6 






Neural Area 
Remaining, % 


Cup-Disc Ratio, 
Baseline / Sacrifice 





















>90 0.4/0.5 
>50 0.2/0.8 
<25 0.2/1.0 
<10 0.3/0.9 
(0) Pale disc 
0 Pale disc 











months (Table). Transected optic 
nerve heads underwent loss of all 
nerve fibers during several weeks, re- 
sulting in a pale disc with adequate 
perfusion of the central retinal artery 
(Fig 1, right). 

With both light and electron micro- 
scopic immunohistochemistry, con- 
trols and eyes with mild to moderate 
glaucomatous optic nerve damage 
showed normal distributions of elastin 
and all three types of collagen within 
the lamina cribrosa that were identi- 
cal to results of previous similar stud- 
ies of normal cynomolgous monkey 
optic nerves.** However, eyes with se- 
vere glaucomatous optic atrophy and 
optic nerve transection had marked 
changes within the optic nerve and 
lamina cribrosa. 

Posterior to the lamina cribrosa, 
antibodies to collagen type IV showed 
heavy labeling along the septal mar- 
gins in both optic nerve transected and 
glaucomatous eyes, suggesting thick- 
ening of the astrocyte basement mem- 
branes (Fig 2). In both types of atro- 
phy, immunoelectron microscopy dem- 
onstrated that this “thickening” 
resulted from marked redundancy of 
otherwise normal-appearing astrocyte 
basement membranes (Fig 3). Anti- 
bodies to collagen types I and III and 
elastin showed labeling intensity of 
the optic nerve septa and lamina 
cribrosa that were qualitatively indis- 
tinguishable from those in fellow con- 
trol eyes. 

Within the lamina cribrosa, anti- 
body labeling of the extracellular ma- 
trix exhibited distinct differences be- 
tween descending optic atrophy and 
atrophy due to chronically elevated 
IOP (Fig 4). At the light microscopic 
level, eyes that underwent transection 
showed an apparent thickening of the 
astrocyte-associated basement mem- 


Fig 1.—Clinical photographs of experimental monkey eyes. Left, Severe glaucomatous optic atrophy after 6 months of el- 
evated intraocular pressure. Right, Optic nerve head appearance 9 months after nerve transection. 
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Fig 2.—Retrolaminar optic nerves from control 
(top) and glaucomatous (bottom) eyes labeled 
with antibodies to collagen type IV. Note the 
prominent labeling of septal margins (arrows) 
in the glaucomatous optic nerve. Capillary en- 
dothelial cell basement membranes are la- 
beled prominently in both control and glauco- 
matous eyes (arrowhead) (hematoxylin coun- 
terstain, original magnification X700). 


branes lining otherwise orderly ap- 
pearing laminar beams (Fig 4, center). 
Ultrastructural analysis indicated 
that this appearance resulted from 
undulating basement membranes, 
similar to those seen lining the retro- 
laminar optic nerve septa (Fig 3). 

Glaucomatous optic nerve heads 
also showed thickening of laminar 
basement membranes (Fig 4, bottom). 
In addition, large quantities of colla- 
gen type IV as well as I and III were 
found between the disorganized-ap- 
pearing laminar beams, regions which 
in normal eyes are occupied only by 
axon bundles (Fig 5). 

Ultrastructural studies corrobo- 
rated these findings. Within the areas 
normally occupied by neural bundles 
in the lamina cribrosa, there was an 
amorphous basement membrane-like 
material that labeled with collagen 
type IV antibodies, and collagen fibrils 
labeling with antibodies to collagens I 
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Fig 3.—Immunoelectron microscopy of a glau- 
comatous optic nerve, posterior to the lamina 
cribrosa. Astrocyte basement membranes la- 
beled with antibodies to collagen type IV (ar- 
rows) demonstrate an undulating, redundant 
appearance. C indicates septal collagen; As, 
astrocyte (original magnification X38 000). 


and III (Fig 6). These materials ap- 
peared to be oriented longitudinally 
within the optic nerve head, perpen- 
dicular to the laminar beams them- 
selves. In contrast to eyes that under- 
went transection, thickening of base- 
ment membranes along laminar beam 
margins was due to abnormal accumu- 
lation of basement membrane-like 
materials (Fig 7). 


COMMENT 


Our results demonstrate that exten- 
sive glaucomatous optic nerve damage 
is accompanied by specific changes in 
the extracellular matrix of the lamina 
cribrosa. At the light microscopic 
level, we noted abnormal deposition of 
collagen types I, III, and IV within the 
laminar pores and apparent thicken- 
ing of basement membranes along the 
beam margins. Significantly, these 
changes were found in eyes exposed to 
the greatest and most prolonged rise in 
IOP. The abnormal presence of these 
materials within the laminar pores in 
glaucomatous eyes, but not transected 
eyes, suggests that this is a specific re- 
sponse to elevated IOP. In addition, 
while increased thickness of basement 
membranes along the laminar beam 
margins in glaucomatous and 
transected eyes appeared similar by 
light microscopy, ultrastructural im- 
munohistochemistry indicated that el- 
evated IOP was associated with the 
accumulation of basement membrane 
material along these beams. In con- 
trast, eyes that underwent optic nerve 
transection showed redundant but 
otherwise normal appearing astrocyte 
basement membranes along the lami- 


nar beams. Redundant basement 
membranes were also found lining the 
optic nerve septa in both glaucomatous 
and transected eyes, suggesting a non- 
specific response to axonal loss. 

The undulating appearance of base- 
ment membranes lining optic nerve 
septa and laminar beams of transected 
eyes may be due to reduplication of 
excess basement membrane by astro- 
cytes that are activated by the loss of 
optic nerve axons. However, a more 
passive mechanism may also account 
for this observation. The general loss 
of axons both in severe glaucoma and 
following optic nerve transection re- 
sults in a smaller cross-sectional area 
of optic nerve bundles and a decrease 
in their circumference. Since astro- 
cytes normally line the perimeter of 
nerve bundles, the loss of axonal tissue 
might lead to a redundancy of astro- 
cyte basement membranes that would 
fold on themselves, producing an ap- 
parent thickening at the light micro- 
scopic level. 

Immunohistochemical studies of 
glaucomatous human optic nerve 
heads show several similarities to our 
data’! Laminar beam basement 
membranes labeled with antibodies to 
collagen type IV have been described 
as thick and irregular. In addition, the 
lamina cribrosa frequently appeared 
disorganized, with fusion of the lami- 
nar beams. While this is in part due to 
tissue compression, the abnormal dep- 
osition of collagens noted in our study 
also contributed to this apparent dis- 
organization. A recent study of human 
eyes with primary open-angle glau- 
coma has also demonstrated collagen 
type IV labeling material within lam- 
inar pores.’ The experimental glau- 
coma optic nerves that we studied were 
originally normal; therefore, the 
changes that are presented represent 
secondary responses to elevated IOP. 

Previous studies have indicated that 
the extracellular matrix composi- 
tion of the human glaucomatous optic 
nerve head differs from that of 
the normal eye. Tengroth and 
Ammitzboll' found that optic nerve 
heads from patients with glaucoma 
had an increase in collagen as a pro- 
portion of nerve head dry weight when 
compared with normal controls. One 
explanation for their finding is that 
with the loss of nerve tissue, the lam- 
inar connective tissue becomes a 
larger percentage of nerve head mass. 
The apparent increase in collagen con- 
tent may also result from abnormal 
deposition of basement membrane ma- . 
terial and collagen fibrils, as seen in 
the present study. It is necessary to 
analyze more than just the amino acid 
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composition of the nerve head before 
we can understand its biomechanical 
response to glaucomatous neuropathy. 

The abnormal deposition of extra- 
cellular matrix materials within the 
lamina cribrosa in experimental glau- 
coma may represent a healing re- 
sponse to the effects of elevated IOP. 
Much of this material appears ori- 
ented longitudinally, as if deposited by 
cells migrating into the laminar pores. 
However, our results do not prove that 
this material represents new deposi- 
tion of extracellular matrix. 

It is possible that the material 
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Fig 5.—High-power view of comparable regions of the glaucomatous 
optic nerve head shown in Fig 4, bottom. Note the deposition of material 
(arrows) labeling with antibodies against collagen type Ill (top) and type 
IV (bottom) between laminar beams (asterisks), regions normally occu- 
pied solely by axon bundles. There is prominent labeling of laminar beam 
margins (arrowhead) with collagen type IV antibodies (hematoxylin 





counterstain, original magnification X 1250). 


Fig 4.—Longitudinal section of normal monkey nerve head (top) com- 
pared with optic nerve transection (center) and experimental glaucoma 
(bottom) labeled with antibodies to collagen type IV. Descending optic 


` atrophy is accompanied by increased labeling of the margins (arrow- 


heads) of orderly laminar beams (asterisk). Glaucomatous optic nerve 
shows similar heavy labeling of beam margins with apparent disorgani- 
zation of the beams themselves (hematoxylin counterstain, original 


magnification X700). 


within the laminar pores could repre- 
sent normal extracellular matrix that 
was moved to an unusual location by 
the physical effects of elevated IOP. 
Laminar beams apparently stretch 
and break under elevated IOP." How- 
ever, simple rearrangement would be 
expected to affect all laminar compo- 
nents equally, and elastin was not 
found within the pores. This supports 
the possibility that collagen and per- 
haps other extracellular molecules are 
actively deposited outside laminar 
beams in response to an elevated IOP. 

The lack of elastin deposition within 


laminar pores is also consistent with 
recent studies of cells cultured from 
human lamina cribrosa explants.'* 
When exposed to high pressure, these 
cells demonstrated greater gene ex- 
pression for collagen type I than did 
cells grown under normal pressure. 
These same cells did not show in- 
creased gene expression for elastin. 
Therefore, elevated IOP may cause se- 
lective changes in the biochemical 
composition of the optic nerve head. 
The abnormalities observed here 
were detected in eyes with a prolonged 
increase in IOP and advanced glauco- 
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Fig 6.—Immunoelectron microscopy of a glau- 
comatous optic nerve head adjacent to a lam- 
inar beam (asterisk) shows collagen fibrils la- 
beled with antibodies to collagen type Ill (top) 
and amorphous material labeling with antibod- 
ies to collagen type IV (bottom). Both are ori- 
ented longitudinally within the laminar pore, an 
abnormal location for these macromolecules 
(arrows). The detail is poor due to mild fixation 
required to preserve antigenicity. E indicates 
elastin fiber (original magnification X10 150 
[top] and X17 450 [bottom)). 


matous optic nerve damage, but not in 
mildly damaged specimens with less 
severe IOP elevations.? These tech- 
niques are qualitative and may be in- 
sensitive to subtle changes in extra- 
cellular composition. Recent work 
showing greater gene expression for 
collagen type I in lamina cribrosa ex- 
plant cells grown under high pressure” 
suggests that even relatively short pe- 
riods of IOP elevation can alter cellu- 
lar metabolism in the lamina cribrosa. 
_It is therefore possible that eyes with 
mild to moderate optic nerve damage 
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Fig 7.—Accumulation of basement mem- 
brane-like material (arrows) labeling with anti- 
bodies to collagen type IV along the margin of 
a laminar beam (asterisk) in a glaucomatous 


optic nerve head (original magnification 


X20 750). 


may have subtle, but functionally sig- 
nificant, changes in the extracellular 
matrix of the lamina cribrosa. 

Extracellular matrix changes of the 
lamina cribrosa in response to ele- 
vated IOP may alter the physical be- 
havior of the optic nerve head. Recent 
studies suggest that a decrease in the 
mechanical compliance of the optic 
nerve head occurs in human eyes with 
advanced glaucoma damage.'*!° Com- 
pression and fusion of laminar beams, 
in conjunction with abnormal deposi- 
tion of collagen, but not elastin, could 
result in a stiffer optic nerve head as 
measured by laser Doppler velocime- 
try. 

Finally, the observation that IOP 
elevations can alter the extracellular 
matrix composition of the optic nerve 
head has implications for the clinical 
management of patients with glauco- 
matous optic nerve damage. If the bio- 
chemical composition of the optic 
nerve head influences the supportive 
function of the lamina cribrosa, then 
changes in laminar composition could 
alter the viability of the remaining 
optic nerve fibers. The process of glau- 
comatous optic atrophy may be accom- 
panied by a gradually changing optic 
nerve susceptibility. It is therefore 
conceivable that the safe level of IOP 
in an individual eye may change over 
time. Further understanding of the 
specific pressure-induced extracellular 
matrix changes within the lamina 
cribrosa and their relationship to optic 
nerve susceptibility may enhance our 


management of patients with glau- 
coma. 
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Arrangement of Ocular Dominance Columns in 


aman Visual Cortex 





è The arrangement of the ocular domi- 
nance columns in the human primary visual 
cortex was studied by examining cy- 
tochrome oxidase activity in autopsy 
specimens of occipital lobes obtained 
from two patients who became blind in one 

<- eye before death. By artifically flattening 
-cortex before processing, it was pos- 
reconstruct the pattern formed by 
ular dominace columns throughout 
f the primary visual cortex. The col- 
form -a mosaic of irregular parallel 
tripes. about 500 um to 1000 um wide 
re (right eye column plus left eye column 
-< measures 1 to 2 mm), oriented at right an- 
zo> gles to the boundary of the primary visual 
cortex. The columns are wider near the 
boundary of the primary visual cortex and 
within the representation of the central vi- 

sual field. in the representation of the pe- 
ripheral visual field, the ocular dominance 
columns of the ipsilateral eye become 
7 fragmented until they disappear alto- 
gether at the border of the monocular 
sscent representation. The arrange- 
nt of ocular dominance columns in the 
man visual cortex is very similar to the 
ttern reported in the macaque monkey, 
ithough the columns in humans are wider. 
ne Arch Ophthalmol. 1990; 108: 1025- 
as h 2 1030) 
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ing visual fields of the right and left 
eyes. Stereoscopic depth perception re- 
quires the central nervous system to 
extract information about retinal im- 
age disparity from the stream of im- 
ages transmitted simultaneously from 
each eye. Elucidating how the human 
brain achieves binocular integration is 
important for understanding the phys- 
iology of normal stereovision, and the 
pathologic nature of clinical disorders, 
such as strabismus and amblyopia. 

Ganglion cells of the retina project 
to the lateral geniculate nuclei, where 
their fibers terminate in strictly seg- 
regated, monocular laminae. No sig- 
nificant binocular interaction occurs at 
the level of the lateral geniculate nu- 
clei. Postsynaptic neurons of the lat- 
eral geniculate nuclei send their pro- 
jection via the optic radiation to the 
primary (striate, Brodmann’s area 17, 
V1) visual cortex. This is the first an- 
atomical site for potential binocular 
convergence in the primate retinogen- 
iculocortical pathway. 

Hubel and Wiesel! have established 
that inputs to the striate cortex in the 
rhesus monkey are organized into ocu- 
lar dominance columns. These col- 
umns can be demonstrated by injec- 
tion of tritiated proline into the vitre- 
ous cavity of one eye.* The radioactive 
compound is transported via the lat- 
eral geniculate nucleus to the visual 
cortex, labeling the set of ocular dom- 
inance columns belonging to the in- 
jected eye. The columns appear as a 
mosaic of fairly regular alternating 
stripes about 400 to 500 wm wide. Their 
complete pattern in the striate cortex 
of the macaque monkey has been re- 
constructed by LeVay and coworkers.’ 
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Evidence for ocular dominance col- . 
umns in humans was first reported by - 
Hitchcock and Hickey,* who found a- 
regular pattern of bands in autopsy 
specimens of the visual cortex treated- 
with a silver stain. The ocular domi- 
nance columns can be shown more- 
clearly by employing the cytochrome» 
oxidase technique introduced by- 
Wong-Riley.’ This method exploits the. 
fact that after monocular enucleation, © 
physiological activity is diminished in 
cortical columns formerly driven by 
the missing eye. This drop in activity is- 
accompanied by a reduction in levels of- 
metabolic enzymes like cytochrome. 
oxidase. A few days following enucle- ` 
ation of one eye in the macaque mon- 
key alternating light and dark col- 
umns of cytochrome oxidase activity. 
appear in the visual cortex.®? The. 
lightly stained columns correspond to 
the ocular dominance columns of the. 
enucleated eye. w os 

In a previous report, ocular domi: 
nance columns were demonstrated 
the human visual cortex by analyz 
patterns of cytochrome oxidase acti 


tained after death from patients wW 
had undergone enucleation of one e 
many years before death." For te 
cal reasons, the ocular dominan 
umns were reconstructed with 
small area of the striate cortex, lo 
along the medial surface o 
ital lobe. As a result, it w 
appreciate the overall 
by the ocular dominane 
goal of this present 
construct the oc 
umns in the hu 

the most exter 


tain a more complete view of their lay- 
out. In particular, we hoped that com- 
parison with the pattern reported in 
the macaque monkey might afford 
some clues to the principles governing 
the arrangement of the ocular domi- 
nance columns. 


MATERIALS AND METHODS 


The occipital lobes from each brain spec- 
imen obtained after death were immersed 
in 2% glutaraldehyde in 0.1 mol/L of 
phosphate buffer at 4°C. The lepto- 
meninges were removed and the sulci 
opened to allow the fixative to penetrate 
evenly. After about 5 hours the tissue was 
removed from the fixative and photo- 
graphed for purposes of orientation and 
scale. Extrastriate cortex was trimmed 
away and the remaining striate cortex was 
dissected from the underlying white mat- 
ter. The resulting sheet of folded cortical 





Fig 1.—Computed axial tomographic scan 
shows a contrast enhancing mass of the right 
sphenoid wing. 





matter was then flattened by gentle pres- 
sure with a glass plate. Relieving cuts were 
made wherever the tissue appeared too 
highly folded to flatten satisfactorily, thus 
reducing the striate cortex to a number of 
blocks small enough for sectioning. These 
blocks were rapidly frozen with isopentane 
cooled to —80°C and cut on a freezing 
microtome. Tissue sections were mounted 
on gelatin-coated slides and air-dried. 

The tissue sections were subsequently 
reacted for cytochrome oxidase activity by 
incubation in a solution containing 50 mg of 
diaminobenzidine, 30 mg of cytochrome C, 
and 20 mg of catalase per 100 mL of 0.1 
mol/L of phosphate buffer, pH 7.4. The 
pattern of ocular dominance columns was 
reconstructed by placing each slide in a 
Prado Universal projector and sketching 
the columns at original magnification X6 on 
tracing paper. Proper alignment of serial 
sections was achieved by matching blood 
vessels that run radially through the cor- 
tex. 


REPORT OF CASES 


Case 1.—A 71-year-old man first pre- 
sented with proptosis of the right eye in 
1981. Visual acuity without correction was 
counting fingers at 3 feet OD and 20/20 OS. 
Computed tomography demonstrated a 
mass in the region of the right sphenoid 
wing. The patient underwent a right fron- 
totemporal craniotomy and excision of a 
meningioma. Postoperative visual acuity 
improved to 20/30 OD. The patient was sub- 
sequently unavailable for follow-up until he 
returned to the eye clinic in July 1987. On 
examination the right eye had no light per- 
ception; uncorrected visual acuity was 20/ 
25 OS. The right fundus showed optic atro- 
phy and choroidal folds; the left eye was 
normal. Contrast-enchanced computed to- 
mography revealed a recurrence of the 
meningioma (Fig 1). While undergoing a 
preoperative evaluation the patient suf- 


fered a respiratory arrest and died. The 
brain was obtained at postmortem exami- 
nation 44 hours later. 

A tissue section from the left visual cor- 
tex, stained for cytochrome oxidase, shows 
that layer [Ve contains the most intense 
enzyme activity (Fig 2, left). This layer of 
the visual cortex receives the bulk of the 
afferent fibers from the lateral geniculate 
nucleus.” Within layer IVc cytochrome ox- 
idase activity is not homogeneous. A faint 
pattern of alternating light and dark re- 
gions of enzyme activity is present, repre- 
senting the ocular dominance columns. By 
examining serial sections through layer IVe 
the column pattern could be reconstructed 
almost completely (Fig 2, right), except ina 
small area occupied by a deep sulcus. At the 
lower left border of the reconstruction, the 
frontier between striate cortex and extra- 
striate cortex (area 18, V2) is represented 
by a dashed line. This block was obtained 
from the left occipital tip, known in humans 
to contain the representation of the most 
central portion of the right hemifield. 
Therefore, the pattern of the ocular domi- 
nance columns in this region is likely to be 
typical of the pattern within the cortical 
representation of the macula. 

The right occipital lobe was severed too 
posteriorly from the brain (Fig 3). As a re- 
sult, the most anterior portion of the stri- 
ate cortex, containing the representation of 
the monocular crescent of the contralateral 
eye, was not included in the specimen. This 
became evident when the occipital lobe was 
examined and the stria of Gennari was 
grossly visible in the anterior cut edge of 
the cortical lobe. 

After extrastriate cortex was removed, 
the remaining sheet of striate cortex (Fig 4) 
was flattened into three tissue blocks and 
processed for cytochrome oxidase activity. 
The pattern of ocular dominance columnsin 
each block was reconstructed (Fig 5), except 
in a few areas where the columns were ob- 


Fig 2.—Left, Tangential section through the left occipital pole stained for cytochrome oxidase activity shows faint zones of 
light and dark enzyme activity representing the ocular dominance columns within layer IVc (delineated by arrows). Right, Re- 
construction of the ocular dominance columns in layer IVc from serial sections through the tissue block containing the section 
illustrated (left). The dashed line represents the border between V1 and V2. The arrow labels the posterior extent of the cal- 
carine sulcus. D indicates dorsal; A, anterior. The bar equals 10 mm. 
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-o geured by cortical sulci. Overall, the col- 
~ umns form a mosaic of alternating parallel 
< stripes, interrupted by frequent anasta- 


= moses and bifurcations. In general, they 
~ appear to run perpendicular to the border 
between striate and extrastriate cortex 
(area 17-18 border), which represents the 
vertical meridian of the visual field. The 
columns flow from the area 17-18 border 
toward the horizontal meridian buried in 
the depth of the calcarine sulcus. Because 
the tissue was split along the base of the 
ealearine sulcus, it was not possible to visu- 
alize how the column systems merge at the 
horizontal meridian. 

In the right occipital lobe the ocular 
dominance columns were reconstructed in 
layer IVc over a total of 1740 mm. The dark 
- columns, representing the intact contralat- 
eral eye, cover 53% of the cortical surface 
area. The light columns, corresponding to 
‘the blind ipsilateral eye, occupy 47% of the 
- cortex. Columns were present throughout 
the reconstruction because the most ante- 
rior region of striate cortex, containing the 





Fig 3.—View of the medial surface of the right 
occipital lobe after fixation. The primary visual 
cortex is located along the caicarine sulcus 
(arrows). The bar equals 10 mm. 





Fig 5.—Pattern of ocular dominance columns in the right striate cortex 
from case 1, reconstructed from serial sections through the specimen 
"illustrated in Fig 4. The dashed line represents the area 17-18 border. 
-< = CS indicates calcarine sulcus: D, dorsal; andP, posterior. The bar equals 


40mm. 
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monocular crescent representation, was not 
obtained with this specimen. 

The ocular dominance columns are quite 
irregular, making it difficult to estimate 
their width accurately. Measurements were 
made of 100 arbitrarily designated column 
pairs, yielding a mean (+SEM) periodicity 
of 1.51 + .033 mm, or 755 um per column 
width. The ocular dominance columns ap- 
pear to widen as they approach the repre- 
sentation of the vertical meridian. This im- 
pression was confirmed by measur- 
ing the width of the columns at their inter- 
section with the area 17-18 border. A total 
of 65 pairs of columns were counted along 
the perimeter of the reconstruction, which 
measured 136.5 mm in length, yielding a 
width of 2.10 mm per column pair or 1050 
um per column. 

Case 2.—A 64-year-old man presented to 
the eye clinic with decreased vision in the 
left eye. Visual acuity without correction 
was 20/25 OD and light perception in the 
left eye. The right eye was normal, except 
for a few scattered cotton-wool spots in the 





Fig 4.—Appearance of the right primary visual 
cortex in Fig 3, after trimming away extrastri- 
ate cortex. The underlying white matter has 
also been removed and the calcarine sulcus 
opened (between arrows). The bar equals 10 
mm. 
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Fig 6.—Histological section through the left eye in case 
detachment due to papillary adenocarcinoma infiltrating: 
optic nerve (hematoxylin-eosin). | 






fundus, of undetermined cause. On slit- 
lamp examination of the left eye, numerous 
cells were visible in the anterior vitreous 
humor. Indirect ophthalmoscopy revealed 
an exudative retinal detachment. A cyto- 
logical examination of cells obtained by 
vitreous aspiration failed to establish a di- 
agnosis. 

A chest roentgenogram revealed a pul- 
monary mass. Subsequently, a subcutane- 
ous nodule developed over the right scapula. 
A needle biopsy of this lesion revealed ad- 
enocarcinoma. A few days before the pa- 
tient died in January 1988, his visual acuity 
was recorded as 20/40 OD and light percep- 
tion in the left eye. 

The postmortem examination was lim- 
ited to the eyes and brain. Microscopic ex- 
amination of the left eye showed a mucus- 
secreting papillary adenocarcinoma infil- 
trating the choroid and optic nerve, with 
loss of retinal ganglion cells and extensive 
serous detachment of the retina (Fig 6). The 
appearance of the lesion was consistent 
with a primary tumor of the lung. 

The right occipital lobe containing the 
entire primary visual cortex was obtained 5 
hours after death (Fig 7). Six tissue blocks 
resulted when the striate cortex was flat- 
tened and frozen (Fig 8). A single section 
processed for cytochrome oxidase activity 
demonstrates the ocular dominance col- 
umns within layer IVe (Fig 9). For each 
block, serial sections were sketched to re- 
construct the pattern of ocular dominance 
columns in this hemisphere (Fig 10). Al- 
though the precise details of the column 
pattern differ from those found in case 1, 
the overall layout of the columns is quite 
similar. As noted in the previous case, the 
ocular dominance columns form a mosaic of 
alternating stripes, interrupted by fre- 
quent junctions and terminations. They are 
oriented perpendicular to the area 17-18 
frontier and converge toward the calearine 
suleus. In the most anterior block of tissue, 
representing the peripheral visual field, the 


May 


ocular dominance columns are thinner. The 
darker columns, corresponding to the intact 
ipsilateral eye, gradually become more 
fragmented and eventually peter out alto- 
gether. The small zone of striate cortex lo- 
cated most anteriorly that completely lacks 
ocular dominance columns presumably con- 
tains the representation of the monocular 
crescent of the contralateral eye. As would 
be expected, the intensity of cytochrome 
oxidase activity within the representation 
of the monocular crescent matches the 
lighter intensity of cytochrome oxidase ac- 
tivity within the contralateral eye columns 
in binocular cortex, rather than the darker 
enzyme staining within the ipsilateral eye 
columns (Fig 11). 

The pattern of ocular dominance columns 
was reconstructed over 1585 mm? of the 
primary visual cortex. Binocular cortex oc- 
cupies 1431 mm? (90.3%) of the surface 
area, while the monocular crescent occupies 
only 154 mm? (9.7% ). Within binocular cor- 
tex, the lighter columns representing the 
blind, contralateral eye occupy 56% of the 
surface area, while the darker columns of 
the normal, ipsilateral eye fill the remain- 
ing 44% of the surface area. 

As mentioned above, the width of the oc- 
ular dominance columns appears to dimin- 
ish in the more anterior regions of the 
visual cortex. Measurement of the widths of 
30 arbitrarily chosen column pairs in the 
most anterior cortical block yielded a mean 
(+ SEM) of 1.01 + .036 mm per pair, or 505 
um per individual column. One hundred ar- 
bitrarily chosen pairs of columns from the 
remaining five blocks, representing more 
central visual field, averaged 1.37 + .031 
mm per pair, or 685 wm per column. 

The columns appear to widen as they ap- 
proach the area 17-18 border. This observa- 
tion was verified by counting a total of 89 
pairs of columns along the perimeter of the 
entire reconstruction, which measure 149.1 
mm in length. This corresponds to a width 
of 1.68 mm per column pair, or 840 um per 
column near the area 17-18 border. 


COMMENT 


This study provides the first detailed 
view of how afferent fibers represent- 
ing the right and left eyes are inte- 
grated in layer IVc of the human pri- 
mary visual cortex. Axon terminals 
originating from cells within right and 
left eye laminae of the lateral genicu- 
late nucleus do not intermingle in 
layer IVc, but rather they dovetail into 
a system of long parallel stripes called 
ocular dominance columns. This term 
was coined by Hubel and Wiesel,'* who 
first demonstrated ocular dominance 
columns anatomically in the visual 
cortex of the rhesus monkey. Inas- 
much as cells within the receiving lay- 
ers of the visual cortex—primarily 
layer [Vc—receive input from genicu- 
late fibers driven exclusively by one 
eye, they should give strictly monocu- 
lar responses to visual stimulation. 
This supposition is supported by mi- 
croelectrode recordings in the rhesus 


1028 Arch Ophthalmol—Vol 108, July 1990 





Fig 7.—View of the medial surface of the right occipital lobe after fixation. The straight arrows de- 
lineate the perimeter of the primary visual cortex. The pair of curved arrows marks calcarine sul- 
cus. Inset, Primary visual cortex, shown after removal of extrastriate cortex and white matter. The 


bar equals 10 mm. 





Fig 8.— Six separate tissue blocks containing the right primary visual cortex, obtained by flatten- 
ing and freezing the tissue specimen illustrated in the inset in Fig 7. Solid arrows indicate calcar- 
ine sulcus. The section in Fig 9 was obtained from the block marked by the open arrow. The bar 


equals 10 mm. 


monkey, which have demonstrated 
only monocular cells in layer IVe.! By 
contrast, the majority of cells outside 
layer IV will respond to stimulation 
via either eye, and are sensitive to ret- 
inal disparity. Such cells probably de- 
rive their binocular function by con- 
vergence of inputs from monocular 
cells in layer IV. Why binocular con- 
vergence in humans should be delayed 
beyond the initial tier of synaptic con- 
nections in the visual cortex is unclear. 
Some primate species lack ocular dom- 
inance columns: in the squirrel mon- 
key the inputs from the lateral genic- 


ulate nuclei representing each eye con- 
verge freely on binocular cells present 
in layer IVe of the visual cortex." 
These species differences in the orga- 
nization of the retinogeniculocortical 
pathway are not understood. 

In this report both patients suffered 
monocular blindness as a result of di- 
rect compression or invasion of the 
optic nerve by a tumor. In both cases, 
injury to retinal ganglion cells was the 
common denominator. Any pathologi- 
cal process that causes extensive loss 
of retinal ganglion cells in only one eye 
will evoke a pattern of cytochrome ox- 
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Fig 9.—A single-tissue section processed for cytochrome oxidase activity, showing the ocular 
dominance columns in layer IVc. The darker, right eye columns are indicated by arrows. This sec- 
tion is from the lower-left tissue block in Fig 8 (open arrow). The bar equals 5 mm. 





Fig 10.—The pattern of ocular dominance columns in the right striate cortex from case 2, recon- 
structed from serial sections through six tissue blocks shown in Fig 8. The most anterior tissue 
block (open arrow) contains the representation of the monocular crescent (MC) of the contralat- 
eral eye. The fine parallel lines represent an artifactual gap in the tissue. The dashed line indicates 
the boundary of the striate cortex. CS indicates calcarine sulcus; D, dorsal; and P, posterior. The 
bar equals 10 mm. 


idase activity in the primary visual 
cortex that reveals the ocular domi- 
nance columns. Likely examples would 
include unilateral end-stage glaucoma, 
central retinal artery occlusion, or an- 
terior ischemic optic neuropathy. Bi- 
lateral visual loss would probably fail 
to label the ocular dominance columns 
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because cytochrome oxidase levels 
would be reduced in both sets of col- 
umns. The pattern of cortical meta- 
bolic activity resulting from unilateral 
visual loss caused by diseases that 
spare the retinal ganglion cell layer, 
like subretinal neovascularization or 
cataract, is difficult to predict. Human 
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cortical specimens from such cases 
have not yet been examined. In the 
macaque monkey, unilateral eyelid 
suture!’ or lensectomy”® produce a pat- 
tern of columns in layer [Vc of the vi- 
sual cortex, but these columns differ 
from the ocular dominance columns in 
several important respects. The col- 
umns corresponding to the affected eye 
are wider than ocular dominance col- 
umns, and more faintly labeled. 

The visual cortex must be sectioned 
tangentially to layer IVc to visualize 
the ocular dominance columns using 
cytochrome oxidase histochemistry. 
When tissue sections are cut obliquely 
to layer IVc, the contrast in enzyme 
activity between normal and blind eye 
columns becomes too subtle to allow 
reliable reconstruction of the column 
pattern. The complex folding of the 
human cortical surface therefore pre- 
sents a technical problem. Our solution 
was simply to strip the cortical sheet 
from the white matter and to flatten it 
artificially, enabling us to obtain large, 
tangential sections. One drawback of 
this method is that the individual re- 
constructions cannot be pieced back 
together, and small areas of cortex are 
unavoidably lost, particularly along 
the perimeter of each block. Neverthe- 
less, it was possible to reconstruct the 
pattern of ocular dominance columns 
over a fairly wide area in each visual 
cortex: 1740 mm? in case 1 and 1585 
mm? in case 2. The total surface area of 
the primary visual cortex in humans is 
estimated at 2070 mm? to 3450 mm?.”’ 
This wide range of values reflects both 
real variation between specimens and 
different histological techniques used 
by various investigators. The most 
careful study,” based on computer- 
aided reconstruction of the visual cor- 
tex in 52 autopsy specimens, reported 
an average surface area of 2134 mm? 
with a range of 1284 mm? to 3702 mm’. 
Based on this figure, we reconstructed 
approximately 75% of the right pri- 
mary visual cortex in each case. 

Although the reconstructions are not 
complete, they provide an adequate 
view of the arrangement of ocular 
dominance columns in the human vi- 
sual cortex. The columns form an ir- 
regular mosaic of interlacing parallel 
stripes with frequent bifurcations, is- 
lands, and terminations. In general, 
the stripes are oriented orthogonally 
to the representation of the vertical 
meridian (area 17-18 border) running 
along the perimeter of striate cortex. 
They appear to flow toward the hori- 
zontal meridian located in the depth of 
the calearine suclus. The overall con- 
figuration of the ocular dominance col- 
umn pattern bears a striking resem- 
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Fig 11.—Photomontage of serial sections showing the ocular dominance columns from the up- 
per-left corner of the reconstruction (open arrow, Fig 10). The columns are generally thinner than 
the columns illustrated in Fig 9. Note also that the darker columns corresponding to the intact right 
eye become fragmented in peripheral binocular cortex (between large arrows), and are absent 
within the monocular crescent representation (small arrows). The bar equals 5 mm. 


blance to the pattern reconstructed in 
the macaque monkey by LeVay and 
coworkers.’ This similarity is present 
despite major differences between hu- 
mans and macaque monkeys in the 
anatomy of the occipital lobes. In hu- 
mans, the striate cortex is buried in 
the banks of the calearine sulcus lo- 
cated along the medial surface of the 
occipital lobe, whereas in macaques a 
considerable portion of the striate cor- 
tex is exposed over the external poste- 
rior convexity (operculum). Moreover, 
the human striate cortex is far greater 
in surface area and folded into a more 
elaborate system of sulci and gyri, 
which shows more variation among 
individual specimens. The conclusion 
must follow that the layout of columns 
in humans and macaques is indepen- 
dent of physical differences, such as 
surface area, anatomical location, or 
suleal and gyral topography. The pat- 
tern formed by the ocular dominance 
columns is probably governed by the 
relationship between the elliptical 
shape of the unfolded striate cortex 
and the representations of the hori- 
zontal and vertical meridians, as sug- 
gested by other authors.™! Overall 
isotropy in cortical magnification fac- 
tor can be best maintained by orient- 
ing the stripes parallel to the short 
axis of the striate cortex and perpen- 
dicular to the representation of the 
vertical meridian. Of note, in the cat 
visual cortex the ocular dominance col- 
umns are less regular, and bear a less 
consistent relationship to the V1-V2 
border than in primates. This may 
reflect the fact that in cat visual cortex, 
the visual hemifield map is oriented in 
a rather different fashion with respect 
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to the physical dimensions of primary 
visual cortex.” 

The surface area of the human stri- 
ate cortex is approximately twice that 
of the macaque striate cortex. Given 
this twofold difference in cortical sur- 
face area, one might have expected 
twice as many pairs of columns in the 
human brain. Instead, we encountered 
roughly the same number of column 
pairs, but the columns were at least 
twice as wide as those in the macaque. 
Apparently, column number is more 
strictly conserved than column width 
across these two species. 

Near the area 17-18 border the ocu- 
lar dominance columns are widest— 
about 1 mm across. They are also con- 
spicuously wider in the representation 
of the central visual field compared 
with the peripheral visual field. Fur- 
thermore, the ocular dominance col- 
umns corresponding to the contralat- 
eral eye appear to occupy a slightly 
greater fraction of the total cortical 
surface area than the ipsilateral eye 
columns. This tendency is exaggerated 
in the representation of the peripheral 
binocular visual field, where the ipsi- 
lateral eye dominance columns become 
attenuated and eventually break into 
fragments before they disappear en- 
tirely at the border of the monocular 
crescent representation. This phenom- 
enon was reported by LeVay et al’ in 
macaque striate cortex. It provides an 
anatomical explanation for the obser- 
vation, first made by Traquair,” that 
the nasal slope of the “hill of vision” 
for each eye is considerably steeper 
than the temporal slope. 

The representation of the visual 
field in the human striate cortex was 


originally mapped by Inouye,” who 
studied visual field defects in soldiers 
suffering missile wounds to the occip- 
ital region during the Russo-Japanese 
War. Similar findings were later pub- 
lished by Riddoch” and Holmes,” who 
examined wounded survivors of World 
War I. These reports established that 
the peripheral portions of the visual 
field are represented more anteriorly 
in striate cortex. In 1937, Bender and 
Strauss* published a report of 10 cases 
involving lesions of the posterior optic 
radiation at the junction of the ante- 
rior striate cortex. In all these patients 
the visual field defect was limited to 
the temporal crescent of the contralat- 
eral eye. This study provided the first 
evidence, based on clinicopathological 
correlation in humans, of the precise 
location of the representation of the 
unpaired extreme nasal retina. The 
reconstruction in case 2 (Fig 10) pro- 
vides direct anatomical confirmation 
that the representation of the monoc- 
ular temporal crescent is contained in 
the most anterior region of the striate 
cortex. It occupies less than 10% of the 
surface area of striate cortex, a dis- 
proportionately small zone that re- 
flects the low magnification factor of 
the peripheral cortex. 

In monkeys and cats, monocular vi- 
sual deprivation induced by eyelid su- 
ture causes dramatic changes in the 
appearance of the ocular dominance 
columns.”*”’ The ocular dominance col- 
umns corresponding to the deprived 
eye shrink, accompanied by expansion 
of the normal eye columns. This patho- 
logical effect does not occur if eyelid 
suture is performed in older animals, 
after the “critical period” for plastic- 
ity of the ocular dominance columns 
has expired. It would be worthwhile to 
examine cytochrome oxidase activity 
in human specimens from cases of am- 
blyopia, inasmuch as previous investi- 
gations documenting changes in the 
ocular dominance columns resulting 
from visual deprivation have been lim- 
ited entirely to animal studies of ex- 
perimental forms of amblyopia. 

Good visual function after the re- 
moval of congenital monocular cata- 
ract can be achieved if surgery is per- 
formed at a very early age.” Several 
clinical reports have attempted to de- 
fine the timing to the critical period in 
humans by studying the outcomes of 
treatment of unilateral congential cat- 
aract occurring at different ages.” By 
examining cytochrome oxidase activ- 
ity in a series of autopsy specimens 
from adult patients who suffered mo- 
nocular visual loss at various ages 
during childhood, it should be possible 
to determine when the ocular domi- 
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lumns in fanaa: lose their 
y. It will be interesting to 
his age corresponds to the end 
tical period deduced by clini- 
ies. It will also be important to 
ine how different forms of am- 
pia, the result of various causes, 
such as cataract, anisometropia, or 
rabismus, may vary in their effect on 
cortical metabolic activity. 
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A Pedunculated Lipodermoid in 
Oculoauriculovertebral Dysplasia 


A 2-week-old female presented with a 

pedunculated mass attached to an 
epi bulbar dermoid of the left eye (Figs 1 and 
2). The physical examination was signifi- 
cant for other stigmata of Goldenhar’s 
syndrome (Figs 3 and 4). 

The ophthalmologic examination re- 
vealed esotropia of approximately 10 prism 
diopters (D) and limitation of abduction in 
the left eye. The cycloplegic refraction 
showed +2.00 D+ 1.00 DX 180° bilaterally. 


Lamellar keratoplasty was perfermed at. 


3 weeks of age, including removal of the 
subconjunctival-based temporal mass (Fig 
5). Strabismus resolved after the operation. 
The histologic examination results were 
consistent with a lipodermoid (Fig 6). 


COMMENT 


Goldenhar described a syndrome- 
complex consisting of epibulbar der- 
moids, preauricular appendages, and 
pretragal fistulas.' This pattern, which 
is often accompanied by vertebral 
anomalies and hemifacial atrophy, 
has since been designated Golden- 
hars syndrome (oculoauriculover- 
tebral dysplasia).? The occurrence of 
epibulbar dermoids distinguishes this 
syndrome-complex from hemifacial! 
mierosomia and mandibulofacial dys- 
ostosis.’ 

The predominant defects of this syn- 
drome represent failures of normal 
morphogenesis of the first and second 
branchial arches? These have been 
duplicated experimentally by interfer- 
ing with stapedial artery complex de- 
velopment, specifically by embryonic 
hemorrhage and subsequent he- 
matoma formation.’ The ocular anom- 
alies are probably related to develop- 


mental anomalies involving the max- $% 
illary portion of the first branchial  ~ 





arch. 


The epibulbar dermoids are prima- 
rily unilateral and inferetemporal in 
location and they straddle the limbus. 
Lipodermoids, which occur less fre- 
quently, are usually located subcon- 
junctivally and  superotemporally. 
They are found alone or in combin- 
ation with an epibulbar dermoid, 
blending together at the limbus. Upper 
eyelid colobomas are another common 
ocular finding of Goldenhar’s syn- 
drome; lower-lid pseudocolobomas are 
more associated with the Treacher 
Collins-Franceschetti syndrome.’ Mi- 
crophthalmos may also be present and 
is usually accompanied by mental re- 
tardation.’ 

The occurrence of Goldenhar's syn- 


drome is sporadic, with frequency es- 


timated to be 1:3000 live births.2? No 
mode of inheritance has been estab- 
lished.’ 
ELAINE ZIAVRAS, MD 
MARTHA G. FARBER, MD 
GARY R. DIAMOND, MD 
Philadelphia, Pa 


We thank Timothy J. Bennett, CRA, for his 
photographie assistance. 
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Fig 1.—Frontal view of our patient shows the typical facial asymmetry Fig 2.—The dermoid measured 17 X 12 X 10 mm and was attached to 
and epibulbar dermoid associated with Goldenhar’s syndrome. the skin at the lateral canthus by a band of connective tissue. 





Fig 4.—Roentgenographic study reveals hemivertebrae at the C-3 


Fig 3.—Left profile view shows the microtia, preauricular tags, and pit. 
through C-6 levels. 





Fig 5.—First postoperative day. Fig 6.—Histologic specimen shows a central core of adipose tissue 
separated by collagenous septae and lined by keratinized squamous 
epithelium. Note the hair follicles surrounded by sebaceous units and 


eccrine glands in the lining surfaces. 
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Surgical Technique 


Vascular Microdissection in Strabismus Surgery 


Antonio Aguirre Vila-Coro, MD, PhD 


è Microdissection of the muscular ves- 
sels allows recessions, resections, or 
transpositions of the recti muscles without 
interrupting the blood flow to the corre- 
sponding anterior ciliary arteries. This 
avoids postoperative impaired blood flow 
to the anterior segment and may play a 
role in preventing anterior segment is- 
chemia syndrome. The use of a fine- 
hooked cannula and microscissors, in ad- 
dition to the usual strabismus surgery 
instruments, is described. 

(Arch Ophthalmol. 1990;108:1034- 
1036) 


Met surgical procedures on the recti 
muscles consist of recessions or 
resections designed to realign the 
visual axes in patients with strabis- 
mus. In those procedures, the anterior 
ciliary arteries emerging from the 
ae recti muscles operated on are inten- 
5, tionally cut during tenotomy, result- 
s ing in a challenge to the blood flow at 
; . the anterior segment of the eye. The 
majority of eyes have seven anterior 
ciliary arteries: three pairs originate 
in continuation of corresponding ar- 
teries of the superior, medial, and 
inferior recti muscles, and an isolated 
anterior ciliary artery continues the 
single lateral rectus muscle artery.’ It 
_ is currently accepted that strabismus 
surgery on all four recti muscles of an 
eye T pay cause anterior segment is- 







Science Gater at Houston, and the 
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chemia (ASI), even if the four muscles 
are operated on over an interval of 
many years.’ 

In 1927, Vila-Coro’ described a pro- 
cedure allowing resection of recti mus- 
cles without interrupting the corre- 
sponding anterior ciliary vessels, and 
in 1988, McKeown and coworkers’ de- 
scribed four patients on whom they 
performed strabismus surgery with 
preservation of these vessels. Herein, a 
technique to recess, resect, or trans- 
pose any rectus muscle sparing the 
corresponding anterior ciliary vessels 
is described. 


TECHNIQUE 


The technique is simple and only requires 
adding Vannas scissors and a Binkhorst 
hooked cannula (Storz, St Louis, Mo) to the 
instrument tray. An operating microscope 
provides the necessary magnification. The 
initial steps in strabismus surgery tech- 
niques are followed up to the point of ade- 
quate exposure of the hooked rectus muscle. 
The muscle capsule is then opened near the 
tendon insertion, and the muscle arteries 
and veins become visible. A 0.5-mm longi- 
tudinal snip on tendon fibers on each side of 
the muscle vessels allows hooking the ves- 
sels with a Binkhorst hooked cannula (Fig 
1). For resections, posterior dissection is 
advanced to the point elected for suture 
placement on the tendon (Fig 2). Anterior 
dissection does not need to be extended to 
the insertion, since total excision of the re- 
sected tendon is not necessary.’ In recession 
procedures, longitudinal dissection should 
be 3 to 4 mm greater than the planned re- 
cession (Fig 3), while in transposition pro- 
cedures (techniques of Knapp and 
Hummelsheim’), dissection should be ex- 
tended approximately 7 to 8 mm behind the 
insertion. Preplaced absorbable sutures are 
positioned in the muscle, avoiding incorpo- 
ration of the dissected vessels. The sutures 
are then passed through the sclera at the 


point elected for the new insertion (Fig 4). 
This maneuver prevents excessive posterior 
retraction of the muscle after tenotomy, 
which could result in stretch rupture of the 
dissected vessels. Tenotomy or tenectomy is 
then performed, followed by knotting the 
scleral sutures to secure the tendon at the 
desired position. In recession procedures 
this will leave the dissected vessels running 
exposed on bare sclera (Fig 5). If scleral su- 
tures are not preplaced before tenotomy, 
great care must be taken at the time of 
tenotomy or tenectomy and tendon reat- 
tachment to prevent the cut muscle from 
snapping back and causing rupture of the 
dissected vessels. 


COMMENT 


We describe a technique allowing 
extraocular muscle surgery with pres- 
ervation of the muscle vessels. This 
technique may be used for récession, 
resection, transposition of the muscle 
belly (Jensen’s’ technique), or of the 
muscle insertion (Knapp* and Hum- 
melsheim® techniques), and for Z-my- 
otomies. Similar techniques have been 
previously described by Vila-Coro’ and 
by McKeown and coworkers.’ Vila- 
Coro’s technique allowed preservation 
of the muscle vessels during resections 
only and was done without operating 
microscope. The technique of McKe- 
own and coworkers was described for 
recessions or resections, not for trans- 
positions or Z-myotomies, and was 
done with different instrumentation. 
McKeown and coworkers did not pre- 
place the scleral sutures before tenot- 
omy, which caused stretch rupture of 
the dissected vessels as a frequent 
complication. 

We have performed the technique 
described here in 18 eyes, including re- 
cessions, resections, and transposi- 
tions of all four recti muscles in dif- 
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Fig 1.—Resection, lateral rectus muscle. The open capsule allows 
hooking and dissecting of the muscle vessels. The capsule has been 
opened (small arrows). The muscle vessels (arrowheads) are lifted by 


a Binkhorst hooked cannula. Large arrow indicates the tip of the can- 


nula. 


Fig 3.—Recession, medial rectus muscle. The 
muscle capsule has been opened to expose 
the muscle vessels, allowing microvascular 
dissection. 


ferent eyes. Fifteen cases involved eyes 
without prior surgery and without risk 
factors for developing ASI. Microvas- 
cular dissection in these cases was 
performed to maintain normal postop- 
erative circulation in the anterior seg- 
ment and to develop and master the 
surgical technique. Three operations 
involved eyes at risk for ASI. One 
involved a patient with prior horizon- 
tal recti surgery for esotropia who de- 
veloped persistent vertical strabismus 
following cataract surgery. Another 
was a 70-year-old alcoholic and heavy 
smoker who underwent an inferior 
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Fig 4.—Recession, medial rectus muscle. Su- 
tures preplaced in the muscle avoid the dis- 
sected vessels. Scleral sutures are preplaced 
before tenotomy. 


rectus recession procedure for a con- 
tralateral superior oblique palsy years 
after a horizontal recess-resect proce- 
dure for exotropia. The third risk case 
involved a dysthyroid patient with 
esotropia following correction of ver- 
tical strabismus. None of the patients 
operated on exhibited signs of ASI 
The postoperative alignment of this 
small series was not significantly dif- 
ferent from the results obtained with 
our routine strabismus technique, sug- 
gesting that microvascular dissection 
does not influence postoperative ocular 
alignment. 





Fig 2.—Resection, lateral rectus muscle. Preplaced sutures (arrows) 7 
mm behind the insertion avoid the muscle vessels, and tenotomy spar- 
ing the vessels is being performed. 





Fig 5.—Recession, medial rectus muscle. The 
muscle is allowed to retract, under control, to 
the desired new position, and the scleral 
sutures are permanently tied. The muscle ves- 
sels remain patent. 


This procedure is easiest to perform 
on the vertical muscles and slightly 
more difficult on the medial rectus 
muscle. The first 10 operations in this 
series were done without preplace- 
ment of the scleral sutures before 
tenotomy. Four of these 10 procedures 
resulted in rupture of the muscle ves- 
sels during dissection (2 cases) or dur- 
ing recession due to excessive retrac- 
tion of the recessed muscle following 
tenotomy (2 cases). We then modified 
the technique to preplace the scleral. 
sutures before tenotomy, and mi- 
crovascular dissection was successful 
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ses. Inspection during two reopera- 

s has confirmed. long-term (6 

hs) postoperative patency of the 
ssected vessels. An incidental opera- 
inding has been the observation 
at the anterior ciliary arteries 
ging from the vertical recti mus- 
s are bigger and occasionally multi- 
ompared with the smaller two 
medial and one lateral anterior ciliary 
teries. This finding supports prior 
bservations attributing greater im- 
portance to the vertical anterior cili- 
ry arteries regarding blood supply to 
the anterior segment of the eye.*’ Iris 
fluorescein angiography may be useful 
n evaluating the influence of mi- 
-crovascular dissection in strabismus 
surgery on anterior segment blood 
~ flow.’ We performed iris fluorescein 
< angiography in three cases, and the 
results suggested a normal postopera- 
. tive iris blood flow. However, conclu- 
- sions could not be drawn from this 
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small series. 

Resection techniques avoiding inter- 
ruption of the muscular and anterior 
cillary vessels have been described for 
over half a century? Current miero- 
surgical instruments now allow selec- 
tive exquisite microvascular dissec- 
tion, maintaining the patency of the 
muscular vessels and the correspond- 
ing anterior ciliary vessels during re- 
cession, resection, or transposition of 
any rectus muscle. This should de- 
crease the incidence of ASI, increasing 
the safety of operating on all four recti 
muscles of an eye. 

Although ASI is rare," it may occur 
following surgery on as few as two 
horizontal recti muscles in the same 
eye.'' Patients who are older and who 
have dysthyroid ophthalmopathy, ath- 
erosclerosis, and various hematologie 
conditions are more prone to develop 
ASI following strabismus surgery)” 
While the reported incidence of ASI 
following strabismus surgery is very 
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| low a: 1330 300"), this may b due to pre- a 


cautions taken by the surgeon, includ- 
ing staged surgeries and avoidance of 4 
operating on a fourth rectus musclein 
the same eye" However, ASI has 
been reported to occur following sur- 
gery on the vertical recti up to 20 years 
after horizontal recti muscle surgery.’ on 
Recently, the use of botulism toxin in- _ 
jection has been advocated to reduce a 
the risk of ASI | tio! 
procedures." While the Procedure de- 
scribed here is not recommended for 
the routine patient with strabismus, it 
might be indicated in selected pa- 
tients. Indications include the at-risk 
patient with atherosclerosis, dysthy- 
roid ophthalmopathy, or some hema- 
tologic conditions when surgery on a 
third or fourth rectus muscle is con- 
templated in the same eye. 
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We describe the technical character- 
1 stics of three types of flexible ophthal- 
— moendoscopes used for direct visual ex- 
amination and for taking photographs of 
intraocular structures. The designs of 
these instruments can be used as a basis 
for the development of new models of thin 


_ -ophthalmoendoscopes. 
(Arch Ophthalmol. 1990;108:1037- 
1038) 










he development of the first invasive 
ndoscope for the examination of 
ocular cavity was reported by 
pe in 1934.! That invasive endo- 
cope was an optical tube similar to a 
“minitelescope with a built-in grasping 
“device (forceps). This instrument was 
== . designed for removing foreign bodies 
from the vitreous. It was introduced 
into the vitreous body through an 8- to 
9-mm cut through the eye wall. The 
foreign body could be detected by mov- 
ing the instrument in different direc- 
tions and grasped under visual control. 
However, because of trauma produced 
by the method and technical disadvan- 
tages of the instrument, ophthalmoen- 
_ doscopy was not widely ‘used, although 
attempts were made to modify the 
‘horpe system. 
New possibilities appeared for en- 
joscopy with the development of fi- 
< beropties. Endoscopes can be described 
~~. ag rigid or flexible. An ophthalmologic 
=- flexible endoscope (OFE) can control 
=> the distal part of the instrument re- 
gardless of the position of the observ- 
er’s head. 
Norris and Cleasby? used endoscopes 
for ophthalmologic surgery. They de- 
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| ‘lexible Endoscope for Intraocular Surgery 


eniamin V. Volkov, MD; Andrey V. Danilov; Leonid N. Vassin; Yurii A. Frolov 


scribed a rigid endoscope with an op- 
erating component that was 100 mm 
long and 1.7 mm in diameter. It pro- 
vided a direct image. The field of view 
was 70°. The instrument was designed 
for intraocular and orbital operations. 
In 1981, Norris and Cleasby? provided 
an instrument with a cannula having a 
channel for the supply of infusive 
fluid. If necessary, this channel could 
be used for microsurgical instruments. 
Later, Norris‘ reported the successful 
extraction of glass fragments from the 
orbit using the instrument. During the 
same year, the endoscope was used by 
Norris et al’ for 16 intraocular opera- 
tions. 

Our tests have shown some signifi- 
cant disadvantages of the rigid endo- 
scope similar to that described by Nor- 
ris and Cleasby.* The rigid connection 
of the ocular device with the tube of the 
endoscope makes it difficult to observe 
the operating field and in some cases 
even prevents the surgeon from doing 
so. This may increase the risk of the 
operation. This type of ophthalmoen- 
doseope can hardly be used for intraoc- 
ular surgery. 

We have not found any reports re- 
garding the use of flexible endoscopes 
for the examination of the ocular cav- 
ity. The aim of this article is to show 
possible ways of using flexible ophthal- 
moendoscopes in the management of 
intraocular disease. 

We used the following OF Es: OFE 1, 
OFE 2, and MD 111, developed by the 
Vavilov Optical Institute in 1985-1986. 
These instruments were used for di- 
rect visual examination and for taking 
photographs of intraocular structures. 

All these instruments have similar 
designs (Fig 1). Each instrument is 
composed of a rigid distal portion con- 
nected to the proximal portion by a 
flexible tube and by an illuminating 
hose with an adapter to connect the 




















































light source. The distal part is a rigid- 
holder with a built-in 30-mm shaft- 
with a diameter of 1.6 mm. Observa- 
tions and lighting channels are located 
in the distal part and in the flexible 
tube. The distal part of the MD 111 èn- | 
doscope (Fig 2) also contains a 0:5- 
mm-diameter instrument channel to- 
pass a monofiber for a laser for fluid, © 
for medicines, or for aspiration. 

The proximal parts of the endo- 
scopes include the body and the ocular — 
and diopter mechanisms and is cylin- 
drical. To make an ophthalmic surgeon 
more comfortable, it can be fixed to one | 
of the oculars of the surgical micro- 
scope. For endoscopic observations, it 
is sufficient for a surgeon to transfer. 
his or her viewing from the microscope . 
to the ocular piece of the endoscope. 
The image is photographed with the 
help of the impulse flash of the light : 
source by a camera adapted to the oc-. 
ular piece of the endoscope with a bay 
onet connection. 5 

The principal difference of the OFI 
2 endoscope (Fig 3) from the OFE Lani 
MD 111 is that observation and lig 
ing channels of the OFE 2 are sep 
rated, whereas those of OFE 1 and N 
111 are located within one tube. 
channels are two indep 
branches. The diameter of the 
the endoscope with combined ¢ 
is 1.6 mm. This instrument is. 
examination of patients in refle 
light only. : 

The diameter of the shaft of a 
2 endoscope is 1.2 mm. It i 
examination of patients: 
passing, and sloping lig 
units and parts of OFE. 
MD 111 endoscopes. 
eal characteristic 
tems of the end 
monocular imag 
variables: an ang 
to 80°, a ma) 
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Fig 2.— General view of MD 111 ophthalmologic flexible endoscope. The 
distal part contains an instrument channel for irrigation, aspiration, or a 


laser fiberoptic. 


20 mm~', a magnification of X15, anda 
range of operating distances of 0.5 to 
30 mm. The examined cavity is illumi- 
nated by an optical fiber bundle, the 
distal end of which has the shape of the 
tube of the OFE 1 instrument and the 
shape of a cylinder of the OFE 2 and 
MD 111 instruments. The original de- 
sign of the objective is used for all 


1038 





LE ee aT 
N Nae eee K 


Arch Ophthalmol—Vol 108, July 1990 


Objective Steel Sheath 





E 
aw 
“Pr y 

YU 


Light 
Guide 


Protective Image 
Glasses 


Bundle 


these endoscopes with a focal point of 
0.4 or 0.6 mm.‘ 
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Fig 3.—General view of OFE 2 (ophthalmologic flexible endoscope). 
Observation and lighting channels are separated. 
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Tuition fee includes continental breakfast, luncheon and refreshments. 
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À Course Director: 
| CME Category I Accreditation available. 


Pacific Presbyterian Medical Center 
Department of Ophthalmelogy 
and 






©. Pacific Vision Foundation 
Present 
CORNEAL AND REFRACTIVE SURGERY 


FOR 
THE ANTERIOR SEGMENT SURGEON: 


A SYMPOSIUM COMMEMORATING 
MAX FINE, M.D. 
September 21-22, 1990 
Fairmont Hote! 
Nob Hill, San Francisco 















COURSE PROGRAM 
This course will include presentations and panel discussions on: 
1} Standard techniques and newest innovations in corneal mingery. 
2) Latest developments in laser and non-laser refractive surgery. 
3) Prevention of comeal complications in cataract and other 
anterior segment surgery. 










GCURST FACULTY 

Richard H. Keates, MD. 
Steven G. Kramer, MD., Ph D. 
Peer R. Labsong, MD. 

jeffrey D. Lanier, M.D. 
Thomas J. Liesegang, M.D. 
Scou M. Macrae, MD. 

Sid Mandelbaum, M.D. 

Peter J. McDonnell, M.D. 


E Water 6 Beebe, M.D. 
| Perry S. Binder, M.D. .. 
‘William M. Bourne, MD. 
Stuart f. ‘Brown, MD: 

Terry E. Burris, MD. 
William W. Cberisoo, M M.D. 
Clue H: Doblman, MD. 
Mitchell H. Friedlander, MD. 
Henry Gelesster A MD. 





David Meister, MD. 
Roger F. Meyer, MLD. 
Thomas H. Pesin, M.D. 
Jaime j. Rowsey, M.D. 
James J, Saiz, MD. 
David 1, Schanzlin, M.D. 
Ronald E. Smith, MD. 
Keith F. Thompson, MD. 
George O. Waring, M.D. 














David W. V asine, MD. 
Roben G Webster, 2, MD. 
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COURSE DIRECTOR: 
Richard L. Abbott, MD. 






REGISTRATION FEES: 
$350 Before August 31 
$395 After August 31 
$123 Redden Physician 

{with letter of verification) 
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fho fagina of 


OPHTHALMOLOGY 





September 15, 1990 9:00 AM-1:00 PM 
THE DIABETIC EYE: DISEASE & TREATMENT 
Course Director: Jesse Sigelman, M.D. 
Retina, Macula, Vitreous, Cataract, Glaucoma, Cornea, Neuropathy: 
The latest in laser, surgical, medical management, biochemistry and etiology. 


„x 


October 5-6, 1990 


1990 GLOVER VISITING PROFESSORSHIP 
Manus C. Kraff, M.D., University of Illinois, Chicago 


+ 
November 10, 1990 
Course Directors: Raymond Harrison, M.D. & Maurice Luntz, M.D. 
This seminar, which will include twenty presentations and discussions, will review contemporary glaucoma practice. 


fanuary 12, 1991 
Lawrence A. Yannuzzi, M.D. 
Faculty: Alan C. Bird, M.D., J. Donald Gass, M.D., Howard Schatz, M.D., Lawrence Yannuzzi, M.D. 

This is an advanced program for retinal specialists. Interesting and unusual cases will be presented to illustrate 

new observations, to reconcile existing controversies and to stimulate provocative discussions. 
a a na a A a a r e N 
Al courses will be held at the Manhattan Eye, Ear & Throat Hospital in New York City. 
For further information contact: Kimberly Corbin, Course Coordinator, Department of Ophthalmology, 
Manhattan Eye, Ear & Throat Hospital, 210 East 64th Street, New York, New York 10021 (212) 605-3761. 






1990-1991 Cou 
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THE DIVISION OF OPHTHALMOLOGY 
SAINT LUKE'S HOSPITAL 
CLEVELAND, OHIO 


announces the 


FIFTH ANNUAL TILLES-WEIDENTHAL LECTURE 
to be presented by 


RICHARD A. LEWIS, M.D., M.S. 
CULLEN EYE INSTITUTE 


8:30 a.m. to 12 noon 
Saturday, September 15, 1990 


Prentiss Auditorium 
Saint Luke's Hospital 


The program will include: 
1. Hereditary Macular Diseases 
2. Ocular Clues to Systemic Malignancy 
3. The Ophthalmic Gene Map 


The Lecture is free of charge. Application has been made to provide 
three hours of Category 1 CME credit. 


For further information, contact: 


Daniel T. Weidenthal, M.D. 
Director, Division of Ophthalmology 
Saint Luke's Hospital 

11311 Shaker Boulevard. 
Cleveland, OH 44104 | 

216/368- 7146 ae 
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ot Ophthalmol At: San Francisco Dates: 
/5/90 to 10/6/90 Hrs Instr: 16 Contact: Mas- 
ters of Ophthalmol, PO Box 640350, San Fran- 
aeo, CA 94164; (415) 441-1057 


oe The Ophthalmol Rev Course Honoring Crowell 

-O Beard, MD, At: San Francisco Dates: 11/8/90 to 

11/13/90 Reg Fee: 6-day course, $690, physi- 

cians, $460, residents; extra mock orals day, $50; 

repeating course within 2 years, $345 Contact: 

Joseph H. Selliken, Jr, MD, The Osler Inst, 1094 

_ . Dawn Lane, PO Box 2218, Terre Haute, IN 
oo A%802; (800) 356-7537 or (812) 299-5658 







on Contact: Basie Science ead PR Ey. 
rt, MD, Dir, Dept of Ophthalmol, A-157, 
‘Stanford Med Ctr, Stanford, CA 94305-5308 





FLORIDA 


The Fifth Sarasota Phaco Course At: Sarasota 
Dates: 8/3/90 to 8/4/90 Hrs Instr: 16 Reg Fee: 
$575, prac physicians; $475, residents and fel- 
lows Contact: Kim Fox, Course Coord, Gulf 
Coast Eye Found, 3920 Bee Ridge Rd, Bidg F, 
Suite C, Sarasota, FL 34283; (813) 925-0000 


GEORGIA 


Adv Vitreoretinal Surg At: Atlanta Dates: 10/26/ 
90 0 10/27/90 Sponsor: The Emory eye Ctr of 
01 y Univ Sch of Med Contact: CME, Emory 












a _ DEMONSTRATION & CLINICAL UPDATE 


CURRICULUM 


Dermatologic Disorders. 


aot SYSTEMIC DISEASE UPDATE 
“Systemic Hypertension; Ophthalmic Drug Complications, Ocular 
E Complications of AIDS; Update on Antibiotics. 


COURSE CHAIRMAN 


Robert H. Ritch, M.D. 
FACULTY 




















LASER SURGERY UPDATE 
ee xcimer Laser Keratotomy; Laser Phakolysis, Eximer Laser 
-. Trabeculectomy; Macular Degeneration; Diabetic Retinopathy, 


Drs. Michael Berlin, Jack Dodick, Frederick Fraunfelder, 
Dorothy Friedberg, Roy Geronemus, Michael Miller, Robert 
upr, David Newsome, Carmen Puliafito, Charles Smithen. 


f i Limited Registration, CME Category I Accreditation 
For information contact: Francine Leinhardt, Course Coordinator 


1 jew York, N.Y. 10021 (212) 838-9200 Ext. 2776, FAX (212) 832-9126 


Univ Seh of Med, 1440 Clifton Rd, NE Atlanta, 
GA 30322; (404) 727-5695 


HAWAII 


Ophthalmol: A Rev for the Pract Ophthalmologist 
At: Kamuela Dates: 8/4/90 to 8/11/90 Hrs Instr; 
28.25 Reg Fee: $585 Contact: B. Johnson, USC 
Sch of Med, 1975 Zonal Ave, Los Angeles, CA 
90033; (213) 224-7051 or FAX (213) 225-4557 


First Ann Mtg of the Western Assn for Vitreoret- 
inal Educ At: Maui Dates: 7/16/90 to 7/19/90 
Sponsor: The Pacific Vision Found Contact: 
Pacific Presbyterian Med Ctr, 2340 Clay St, San 
Francisco, CA 94115; (415) 928-3423 


ILLINOIS 


Second Ann Eye Trauma Symp: Prac Mgmt At: 
Chicago Date: 7/19/90 Hrs Instr: 7 Reg Fee: 
$150 physicians, $75 nonphysicians Sponsor: 
Univ of Uimois at Chicago Contact: UIC Eve 
Ctr (m/c 648), Catherine M. Brod. Prem Dir, 
1855 W Taylor St, Chicago, IL 60612; (312) 996- 
4747 


Second Ann Eye Trauma Symp: Adv Topics At: 
Chicago Date: 7/20/90 Hrs Instr: 7 Reg Fee: 
$200 Sponsor: Univ of Hlinois at Chicago Con- 
tact: UIC Eve Ctr (m/c 648), Catherine M. Brad, 
Prem Dir, 1855 W Taylor St, Chicago, IL 60612; 
(312) 996-4747 


The Univ of Hlinois at Chicago Eye Ctr Second 
Ann Mtg At: Chicago Dates: 9/14/90 to 8/15/90 
Hrs instr: 14 Reg Fee: $300, physicians, $150, 
residents Contact: UIC Eye Ctr (M/C 648), 
Catherine M. Brod, Prem Dir, 1855 W Taylor S4 
Chicago, IL 60612; (812) 996-4747 






















University of Southern California 
School of Medicine Postgraduate Onision 


Department of ponihalnolsgy 











A Review for the Practicing Ophthalmologist 


Subspecialties Included: 






Mauna Kea Beach Hotel 


28.25 AMA/CMA Category! Credit 


For registration or information: B. Johnso me 
Medicine, 1975 Zonal Avenue, Los An, e 
Telephone: {213} ies or FAX ¢ 














































KENTUCKY 


Seventh Ann Ophthalmol Sem: Ophthalmic | 
sights Into the 90s At: Louisville Date: 9/22/90 
Hrs Instr: 3.5 Reg Fee: $50 Contact: Norman D 
Radtke, MD, 240 Audubon Med Plaza, Louis- 
ville, KY 40217; (502) 636-2823 


Fifth Ann Multispeciaity Oculoplastic Surg symp 
At: Lexington Dates: 9/28/90 to 9/29/90 Con 
tact: Karen Heidorn, The Ctr for Adv Eye Surg, 
Humana Hospita!-Lexington, 150 N Eagle. 
Creek Dr, Lexington, KY 40509; (606) ree 


MAINE 


Ann Kevin Hill Sem in Ophthalmol At: Waterville 
Dates: 7/22/90 to 7/26/90 Hrs Instr: 18 Contact - 
R. H. Kany, Dir of Spec Prgms, Colby Coll, Wa- 
terville, ME 04901; (207) 872-3386 


MASSACHUSETTS 


Harvard Med Sch Postgrad Course in Current 
Concepts in Neuroradiology, Head, and Neck 
Radiology, and Neuro-MRI At: Boston Dates: 
10/1/96 te 16/5/90 Hrs Instr: 40 Reg Fee: $620, 
combined course, $480, residents/fellows, $480, 
for neuroradiology (10/1 to 10/3), $430, head 
and neck radiology (10/4 to 10/5) Contact: 
Harvard Med Sch, Dept of CME, Boston, MA 
02114; (617) 482-1525 


MINNESOTA 


14th Ann Current Trends in Ophthalmol At: . 
Bloomington Date: 10/6/90 Contact: Phillips __ 
Eve Inst, 2215 Park Ave 5, Minneapolis, MN ~ 
55404; (612) 872-5809 


(Continued on p 1043.) 
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Present 


OPHTHALMOLOGY 


Cornea 

Glaucoma | 
inflammation /Patholo 
Neuro- Ophthalmology : 
Pediatrics 
Retina 
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August 4-11, 1990 


Kamuela, Hawaii 


Tuition: $585.00 
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Announcing the 17th Annual 
FRONTIERS IN 
og OPHTHALMOLOGY 
| | RON | a continuing medical education 
=- RON seminar to be held 
SEN 
= TIERSIN February 21, 22 & 23, 1991 
MEES | at the famed 
r 7 oor Red Lion's La Posada Resort 
Piha eee J Scottsdale, Antona 
Topics will include: 


CATARACT - CORNEA « NEURO- 
_ OPHTHALMOLOGY - * OPHTHALMIC PLASTIC - 
° PEDIATRIC/MOTILITY - RETINA - 


Mamuju 





Sponsored by 
St. Luke's Medical Center, 
and Prentice Eye Institute, Phoenix 
Edward L. Shaw, M.D., Seminar Chairman 
Category | ICME. Credit wil be awarded 


Sener neon eresresesuseerenseereseseneneuncanes eet eee E 


Frontiers in Ophthalmology 
February 21, 22 & 23, 1991 


or pre-registration or request for information: 
Mone 2 


Harr Bale ararnssinarsp strap stli SARI 


Pua adress 


Bas 
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g anbe Meeting Planner 
iorsin Ophthaimo logy 

veo Tempe: Arzong 85283 
402) 82 TE SiN 


bie tov SE $, i ses s Med ical Cenie? 


Find out how your CME ad can catch the attention vof : 
the largest audience of ophthalmologi sts, and d beyond 


—in Archives of Ophthalmology. 





CALL NOW for details: 


1-800-AMA-2260 
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Ocular & Orbital Tumor Symposium 


sponsered by 


=P 
amid bee 


December 7—8, 1990 | 


MEDICAL Wyndham Milwaukee Center — : 


Milwaukee, WI 


COLLEGE 
OF WISCONSIN 


EYE INSTITUTE & 
CANCER CENTER 


Course Directors 
Gerald J. Harris, M.D., FACS 
William F. Mieler, M.D., FACS 


Guest Faculty 
JERRY A. SHIELDS, M.D. FREDERICK A. JAKOBIEC, M.D. 
Philadelphia, PA Boston, MA 


Additional Speakers me 
Medical College of Wisconsin Faculty from the Departments: of ; 
Ophthalmology, Radiology, Radiation-Oncology, te 
Oncology, Neurosurgery, and IONO % oe 


REGISTRATION DEADLINE: NOVEMBER 15, 1990 
Participating Physicians-$250 Residents /Fellows-$75- 


CME Credits Available 


For further information, conte 
Witham FoR 
Ere institute / Medic 
8700 West Wisconsin AN 
om 






















(Continued from p 1041) 90), $165, Beer $85, raion (af 
17/90) Contact: Office of CME, Pre e 
Healthcare System, 8200 Walnut Hill Ln Da 
NEW YORK las, TX 75231; (214) 696-8458 | | 


Corneal Refractive Laser Surg: A Crit Appraisai Welsh Cataract Congress 1990 At: Houst 


of Current Lasers & Methods At: New York Dates: 9/13/90 to 9/15/90 Contact: Eula M: 
D ae Date: 9/15/90 Hrs Instr: 7 Reg Fee: $250, phy- Childs, Cullen Eye Inst, Baylor Coll of Med, 650 
oo EMME sicians; $150, residents and fellows in training Fannin (NC200), Houston, TX 77030; (718) 19 
MEDICATION Contact: Ctr for Cont Educ, 630 W 168th St, = : 























New York, NY 100382; (212) 305-3682 















| 
i 
INST RUCTIONS— HINGTON, Dí 
th li | Manhattan Eye, Ear & Throat Hosp Fall & Winter WASHINGTON, DE 
€ patient counseling 1990-1991 Courses At: New York Dates: 3/ introduction to Ophthalmic Med Trng At: Wa ah. ; 
program designed 15/30, 10/5/90 to 10/6/90, 11/10/90, and 1/12/ ington Dates: 7/30/90 to 8/30/90 Contact: Phyl- 
t h | hel | 91 Contact: Kimberly Corbin, Course Coord, lis L. Fineberg, COMT, Ctr for Sight, 3800 Res- 
O heip you neip | Department of Ophthalmol, Manhattan Eye, ervoir Rd, NW, Washington, DC 20007; (202) 
-napi Ear & Throat Hosp, 210 E 64th St, New York a 
your patients. i p, , ' 687-4862 ; 
Ry NY 10021; (212) 605-3761 
hese handy, tear-off, drug-use infor- E oc Si 
eh " | New York Soc for Clin Ophthalmol Fall Symp At: WISCONS! 
spay designed to supple New York Date: 10/13/90 Contact: Francine Mi: 
nts, They are available for 81 drug | York, NY 10021; (212) 838-9200 ext 2776 is werent Ba ee kas abate 
ontact: Ms Tammy Conant, The Eye Inst, 8700 
eet the U.S. Pharmacopeia (USP), W Wisconsin Ave, Milwaukee, WI 53226; (414) 
| OHIO 257-5102 























_ Fifth Ann Tilles-Weidenthal Lec At: Cleveland Ocular & Orbital Tumor Symp At: Milwaukee ° 
Date: 9/15/90 Hrs Instr: 3 Reg Fee: none Con- Dates: 12/7/90 to 12/8/90 Reg Fee: $250, par- 
Order your PMIs from tact: David T. Weidenthal, MD, Dir, Div of ticipating physicians; $75, residents and follows 
USP today. Call toll- Ophthalmol, Saint Luke’s Hosp, 11311 Shaker (reg deadline, 11/15/90) Contact: William F. 
free to receive a FREE Blvd, Cleveland, OH 44104; (216) 368-7146 Mieler, MD, Eye Inst/Med Coll of Wisconsin, 





8700 W Wisconsin Ave, Milwaukee, WI 53226; 


PMI information kit (414) 257-5544 


or to order and charge 
| to your MasterCard or VISA. 


1-800-227-8772, 


The 1990 Ross/Ohio State Nati Contact Lens 
| Mtg At: Columbus Dates: 9/7/90 to 9/9/90 Con- 
tact: Cindy Grunden, Ross Labs, Dept 424/84, 
625 Cleveland Ave, Columbus, OH 48215; (614) FOREIGN 
229-7178 










Current Concepts in Ophthalmol: Mgmt of Cata-. l o 






i 
Ext. 774 | TEXAS ract-Glaucoma At: Athens, Greece Date: 9/8/90 
Contact: Panhellenic Ophthalmological Soe, 
| Cataract 1990 At: Dallas Date: 9/7/90 Reg Fee: Univ Eye Clin, AHEPA Hosp, Thessaloniki, 
| $135, physicians, $65, residents (before 8/17/ Greece 
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LASER OR 
a SPECIAL PROCEDURES - 
PATIENT CHAIR 


A chair for all reasons ... delivers high quality patient 
positioning accurately and inexpensively. The model 
OM-130LS chair can be ordered with a variety of options. 
Matching tech stool and visitor chairs are available. Call 
our toll-free numbers or write for spec sheet. 


sel 
iversatronics 
226 W. Penn Street, Norristown, PA 19401 
(215) 277-5220 or call toll-free: 1-800-523-0265. : 
Suite No. 103, 5132 Bolsa Avenue, Huntington Beach, CA 92469 Po 
(714) 893-4717 or call toll-free: 1-800-551-1060 (CA residents only 









lassified Advertising 


All classified advertising orders. correspondence and payments should be directed to: Archives of Ophthalmology. P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: Nationa! 800-237-9851; in Florida 800-553-8288: Local 813-443-7666. Please do 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
Box n. C/O AOP, P.O. Box 1510. Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Oohthaimology. 








CLASSIFIED 







Regular Classified 1 Time 


q Cost per word $ .95 


o| Minimum 20 words. 


Classified Display 1 Time 
Full page $630 
Two-thirds page 539 
One-half page 476 
One-third page 378 
One-sixth page 252 
Column inch 55 


INFORMATION 


3 Times 


or more* 


$ .85 


Per 1$Ssue 


“in order to earn the three-time rate. your ad mus! be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York" and "Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 
used for replies, the words “Box ___ 
AOP” are to be counted as three words. 


c/o 


3 Times 


$580 
496 
438 
348 
232 
50 


| Minimum display ad: one column inch 


12-time rate available on request. 


then prevailing rates. 


Box Service 





Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 


Available for all ads. The cost is $10.00 for the 


; _ first issue only. Responses to your ad will be 
-{ consolidated in our office and promptly 


| mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 


after the closing date. 


Send ail copy. correspondence, production 


materials and payments to: 


Classified Department 
P.O. Box 1510; 





Cl earwater, Florida 34617 


For assistance with your ad schedule cali toil free: 


National 800-237-9851 


Florida 800-553-8288 O Local 813-443-7666 
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MEDICAL OPHTHALMOLOGIST ~— Excellent 
opportunity to join a busy ophthalmology practice 
in San Antonio, Texas. Interested individuals should 
forward CV to: Box #613, c/o AOP. 


OPHTHALMOLOGIST to lease office space in 25- 
year established eye center as independent practi- 
tioner. Established ophthalmologists now present 
for providing overflow, emergencies, walk-ins, etc. 
Experienced personnel available to facilitate start- 
up problems and remain if wanted. Occupancy flex- 
ible between June 1, 1990 and January 1, 1991, 
depending on mutual interests. An opportunity to 
establish your own practice in an established office 
with knowledgeable help and minimal outlay! 
Southern California. Box #614, c/o AOP. 


OPHTHALMOLOGIST — MINNESOTA: Well 
rounded ophthalmologist needed in center of 
northern Minnesota lake country. High pathology, 
very active surgical practice. Weil staffed. Locatedin 
smaller community with four year university. Box 
#617, c/o AOP. 


OPHTHALMOLOGIST: 80 plus physician pres- 
tigious multi-specialty group seeks BC/BE general 
opnthaimologist to establish department. Excep- 
tional opportunity and compensation. Contact: Tom 
Regan, P.O. Box 1818, Bismarck, ND 58502. (701) 
255-5821. 


NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialities, put your recruitment ad in an AMA spe- 
ciaity journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851: Florida 
{800) 553-8288. 


OPHTHALMOLOGIST — Large, multi- -specia’ ty 
group seeks an ophthalmologist for general oph- 
thalmology practice with focus on medical/surgical 
aspect. BC/BE. Excellent opportunity in established 
group practice located in Minneapolis/St. Paul 
area. Excellent working conditions with premium 
benefits and salary. Contact Nancy Borgstrom, 
Aspen Medical Group, 1020 Bandana Boulevard 
West, St. Paul, MN 55108. (612) 641-7185. 

MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational opper- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportu- 
nity for partnership. Send CV to: Jean H. Tibbetts, 

MD, Suite 230, 417 State Street, Bangor, ME 04401. 


apnnacrvencunaumnuvswuns eunuaanusnisiasuttittied ai iienaa n n 


MOLECULAR GENETICIST/molecular cell biolo- 
gist: UCSF School of Medicine. The Department of 
Ophthalmology and the Program in Biological 
Sciences is seeking a scientist who has a strong 
commitment to developing a research program 
relevant to degenerative diseases of the retina. We 
prefer candidates at the assistant professor level but 
will consider an appointment at a more senior level. 
Women and minorities are encouraged to apply. 
EQOE/AA. Send curriculum vitae, a summary of 
research accomplishments and future plans, and 
names of at least three references by September 30, 
1990 to: David R. Copenhagen, PhD, Ophthalmology- 
Beckman Vision Center, University of California, 
San Francisco, CA 94143-0730. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, a €/0. AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








VITREO-RETINAL SURGEON needed to join busy 


midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. ideal area for family living with year 
round recreation and excellent school systems. 
Box #623, c/o AOP. 


GLAUCOMA SPECIALIST and vitreo-retinal 
specialist — Ophthalmology group practice in 
Wilmington, Delaware, 30 minutes from Philadel- 
phia, seeks fellowship-trained glaucoma specialist, 
and vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call: Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A, at 1207 North Scott Street, Wil- 
mington, DE 19806. 


INDIANA 
General ophthalmologist in midsize 
indiana city desires an additional oph- 
thalmoiogist in the community. Will assist 


in establishing an independent, success- 
ful practice. Convenient to two major 
cities. Reply to: 

Box #627, c/o AOP 





MICHIGAN — Very busy general surgical/medical 
ophthalmologist needs associate. Work in an atmo- 
sphere supportive of your excellence. Generous 
salary and benefits leading to easy buy-in. Modern, 
spacious, well equipped eye clinic near hospital. 
Prosperous southern Michigan city — your family 
will love it, too. Send CV and intentions to: Box #621, 
c/o AOP. 


Maman anannnunana canna Anmam iaia vanana nu en bn aC RAM RRL PM iena na Pope hg eee 


EXCELLENT OPPORTUNITY to join two busy oph- 
thalmologists in upper Great Lakes area. Modern, 
attractive ophthalmologist-owned clinic building with 
State-of-the-art equipment and optical dispensary 
with registered optician. Winning combination of 
long established, reputable clinic with superbly 
trained staff; good surgical, medical volume and 
profit. JCAHO approved hospital with modern out- 
patient department and staff of 37, most of whom > 
are specialists. Beautiful area in which to live, with 
good recreational and educational opportunities. 
Negotiated salary and benefits. Full partnership 
option if mutually agreeable. Please reply to: Box 
#624, c/o AOP. 
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ESTABLISHED PRACTICE in Kentucky, expanding 
to three ophthalmologists, seeks well-trained. ethi- 
cal associate. This private practice has superb prac- 
tice environment with new facility, well-trained staff 
and excellent equipment. Ideal family setting in 
small university town with beaucoup de recreation. 
if interested, please send CV and personal cover — 
letter to: Box #625, c/o AOP. 
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HOUSTON SUBURBS — BC general surgeon 
needed to staff forty patient/day office. Our group 
has multiple locations and specialists in retina, 
cornea, pediatrics, and cataracts. Would prefer an 
oculoplastic doctor to do general ophthalmology 
while receiving plastics referrals from all offices. 
Relocation allowance. Growth opportunity. Call: 
Executive Director (713) 446-8978. 
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OPHTHALMOLOGIST: Opportunity to join a multi- 
specialty group with 17 FTE physicians located in 
nation's capital. Must be board-certified in spe- | 
cialty. Send CV to: Administrator, Yater Clinic, 1780 1 
Massachusetts Avenue Northwest, Washington, 
DC 20036. 








FLORIDA: Private practice retina group 
iditional associate with medical/surgical RV 
nce: Outstanding opportunity with modern 
3. Lovely sunbelt city near beaches. Resume 




























ice in southeast desires associate with medical 
ina interest. Must be fellowship trained and board- 
ertified. Reply: Box #628, c/o AOP. 
ATTENTION PHYSICIAN RECRUITERS. The 
“Classified Advertising” sections now in all nine 
-AMA Specialty Journals target the physician you 
nde want. These highly visible sections put your 
‘|. message in the hands of every specialist that quali- 
: fies for your professional opportunity, every month. 
To place the ad of your choice, any size, call toll 
ree: (800) 237-9851; or in Florida (800) 553-8288. 


O-RETINAL SPECIALIST: Busy solo vitreo- 
sedical/surgical practice in Alaska’s largest 
eeks a fellowship-trained associate. Excel- 
equipped hospital. Shared laser, ultrasound, 
scein ifdesired. Adjoining, partially equipped 
fice space available. Send CV to: Thomas J. 
arrison, MD, 3500 LaTouche, Suite 250, Anchor- 
age, AK 99508. 
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_ | FELLOWSHIP — OCULAR TRAUMA. The Helen 
J Keller Eye Research Foundation and the Combined 
C|. Program in Ophthalmology are accepting applica- 
“1° tions for a one-year fellowship in ocular trauma at 
-|> the Eye Foundation Hospital/University of Alabama 
- at Birmingham. Extensive experience in emer- 
{d gency room evaluation and treatment, anterior and 
= |. “posterior segment reconstructive surgery, ultra- 
{o sound and electrophysiology, trauma epidemiol- 
“ogy.and oculoplastic/orbital trauma surgery. One 
mal vitreoretinal fellowship required as a 
uisite. Please send complete CV to: Helen 
-Eye Research Foundation, 700 18th Street 
ite 605, Birmingham, AL 36233. 


A FELLOWSHIP — Fellowship in cornea 
ind external disease for thirteen months providing 
significant medical and surgical training. Surgical 
n experience will include corneal transplantation, 
<k intraocular lens exchange, keratomileusis, lamellar 
|. keratoplasty procedures, hydrogel inlays, and kera- 
- toprosthesis. involvement in current and new 
research activities is encouraged. Interested appli- 
cants contact: Francis W. Price, Jr., MD, or William 
E. Whitson, MD, Corneal Consultants of Indiana. 
9002 North Meridian Street, Suite 100, Indianapolis, 

IN 46260. 

































WANTED: ORTHOPTIST for full-time position at 
University of Texas Medical Branch at Galveston 
{UTMB). Practice with full-time faculty pediatric 
ophthalmologist. Opportunity for stimulating teach- 
ng and research. Competitive salary and good 
fringe benefits. Galveston Beach resort has excel- 
nt.climate for year-round outdoor activities. UTMB 
is an equal opportunity M/F/H/V affirmative 
employer. UTMB hires only individuals authorized 
to: work in the United States. Contact: Mary Ann 
Lavery, MD, Pediatric Ophthaimoloigst: (409) 761- 
~~) 3638 days: or (409) 744-8707 evenings. Send resume 
“4. to: Department of Ophthalmology, Route G-87, 
-oF UTMB, Galveston, TX 77550. 
_ VITREAL/RETINAL SURGEON — Full-time aca- 
demic position available July 1, 1990 for vitreai/ 
retinal surgeon. Responsibilities include resident 
and medical student teaching, patient care, and 
research. Minimum requirements include eligibility 
for licensure in California. Board-eligibility or 
-certification. Equal opportunity employer. Contact: 
M. Roy Wilson, MD, Chief, Division of Ophthalmol- 
jy; Charles R. Drew University of Medicine and 

e, 1621. East 120th Street, Los Angeles, CA 



















-Address replies to box number 
30x number, ace CAO ADP, 
learwater, FL 34617. 

















































Faculty Positions Available 


OPHTHALMIC PATHOLOGY | 
The Department of Ophthalmology and the Department of Pathology — 
at UCLA will be recruiting two ophthalmic pathologists over the next 
few years. Candidates should be board-certified in pathology with ` 
specialized training in ophthalmic pathology. The pathologists will a: 
have joint appointments in the Departments of Ophthalmology and — 
Pathology. One position will be at the associate to full professor level, |. 
while the other will be at the assistant to associate professor level. | | 
Duties will include teaching, research, interpreting clinical material | | 
and administration. Applicants should send a current CV to: a 


Bartly J. Mondino, MD, Vice Chairman 
Department of Ophthalmology 
Jules Stein Eye Institute = UCLA School of Medicine 
100 Stein Plaza, Los Angeles, California 90024-7003 
or 
Alistair J. Cochran, MD, FRC, Path 
Director of Anatomic Pathology 


UCLA School of Medicine 
13-344 CHS, Los Angeles, California 90024-1732 


UCLA is an equal opportunity and affirmative action employer. 













PHYSICIAN 
Ophthalmic Clinical Research 


Merck Sharp & Dohme Research Laboratories, a leader in 
Pharmaceutical Research, is seeking a physician for the position of 
Associate Director for its clinical research group in Blue Bell, PA. The 
successful candidate will have ophthalmology as their primary or sec- 
ondary specialization. The potential for flexibility could be advantageous. 
Preference will be given to a candidate with some experience in research 
or drug evaluation. 


Major assignments will be directed toward planning and coordinating the 
clinical investigation of new Merck drugs. This will include the preparation of 
clinical plans and the protocols for clinical studies for Phases | to V. 
interaction with preclinical and pharmacology groups will be essential as will — 
interaction with academic investigators. The physician will, with data coordi- 
nation and statistical support, have medical responsibility for evaluation of 
the clinical data collected and for the reports of the study results. Clinical 
teaching at one of the area medical schools is encouraged. The position | 
involves some travel. Attendance at key medical meetings is expected. 


Merck offers excellent salary opportunities and a benefit program that — 
includes an employee stock purchase program, a tax sheltered income 
plan, group life insurance, major medical and dental coverage, education- 
al assistance, and relocation. Our research facilities are located in an 
attractive suburban Philadelphia area. Interested candidates should sub- 
mit their resume in complete confidence to: Wendy A. Cusick (BL1-1), 
Merck Sharp & Dohme Research Laboratories, Department. 
90W-10, West Point, PA 19486. ee 


EEO/AA/V/H Employer 


de Merck & Co., 


















































on B 
oy KAISER PERMANE 

i a = Northwest Permanente PC. 
y Physicians and Surgeons 


OREGON 


Seeking board-certified or -eligible ophthalmologist to 
join large multi-specialty Kaiser Permanente group in 
Portland, Oregon. Currently eight ophthalmologists on 
Staff; two specializing in cornea and retina. Will consider 
. general ophthalmologist but have interest in candidates 
| with combination of general ophthalmology/glaucoma 
|| and/or plastics. Competitive salary and comprehensive 
|| benefit package, including generous pension program, 
| sabbatical leave and professional liability coverage. 








Forward inquiry and CV to: 


Fred M. Nomura, MD 
Regional Medical Director 


NORTHWEST PERMANENTE, P.C. 
3600 North Interstate Avenue 
Portland, Oregon 97227 


Assistant Professor 
of Ophthalmology in Residence 


FRANCIS I. PROCTOR FOUNDATION 
and 
SCHOOL OF MEDICINE, DEPARTMENT OF OPHTHALMOLOGY 
UNIVERSITY OF CALIFORNIA, SAN FRANCISCO 
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Applications are invited for an ophthalmologist with expertise and expe- 
rience in external and inflammatory eye diseases. Applicants should also have 
substantial laboratory-based research experience with herpes viruses. In addi- 
«į tion to training ophthalmology residents and research fellows, the successful 
-<c | | candidate will establish an extramurally funded research program in herpes 
-= | | virus eye infections. This position will be based in the Proctor Foundation and 

{| will carry a joint appointment in the Department of Ophthalmology, UCSF. Date 
available: January 1, 1991, or earlier. 


Requirements: MD who is board-certified and qualified in ophthalmol- 
ogy with post-residency training in ocular inflammatory diseases or equivalent 
research output. Laboratory experience in herpes virus infections is also 
necessary. Applicants should submit a detailed curriculum vitae, names, 
addresses and telephone numbers of three references and a statement of 
personal and professional goals to: 

sMs. Elaine Benson, Management Services Officer 
FRANCIS I. PROCTOR FOUNDATION 
University of California, San Francisco, CA 94143-0412 
: Telephone: (415) 476-4542 
Filing Deadline: September 1, 1990. 
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it affirmative a action employer. Women and minorities are EAA to apply. 

















sity of Kentucky. invites applications for faculty . 

positions in General Ophthalmology and Vitreo- -| 

Retina. Academic rank, title: and ‘Salary based — 

upon qualifications. Send CV andi aurpe to: 
Robert S. Baker, MD . 







“Chairman ` ae 
Department eh Ophthalmology 






800 Rose Street 
Lexington, KY 40536-0084 
opponera action employer. 
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NEURO- OPHTHALMOLOGIST: Assistant Professor 
in Residence position available in ‘Department of 
Ophthalmology at University of California, San 
Francisco. Will be chief of neuro-ophthalmology at 
the Veterans’ Administration Hospital and be 
expected to develop an advanced research program 
in NE PEER with emphasis on central 
visual system pathways. Advanced research expe- 
rience evidenced by a PhD degree is desirable. Must 
be capable of sustaining an outside supported 
research program such as an RO1 grant or career 
development award. MD required, must be board- 

certified/-eligible. Send CV by August 31, 1990, to: 
UCSF, Beckman Vision Center, Search Coordina- 
tor, Box 0730, San Francisco, CA 94143, Women 
and minorities are encouraged to apply. EOE/AA.. 


PEDIATRIC OPHTHALMOLOGIST 
Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained. 
Clinical, research end teaching responsibilities. 
Position available immediately or will discuss 
Starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St 
Louis University School of Medicine, Bethesda 
Eye institute, 3655 Vista, St. Louis, MO 63110. 


OCULOPLASTIC/ 
GENERAL 
OPHTHALMOLOGIST 


Ophthalmologist with fellowship training in Orbital 
and Oculoplastic Surgery to work at least 50% in 
subspecialty area. Gundersen Clinic is a 250-physi- 
cian, multi-specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current depart- 
ment has seven Ophthalmologists, twelve certi- 
fied technicians, YAG laser, Argon-Krypton laser, 
A&B scan, auto perimeter, etc. Applicant will do 
general ophthalmology including cataract surgery 
as weli. 


Gundersen Clinic is located on the Mississippi River 
in La Crosse, WI, a metropolitan area of 100,000 
people. Beautiful setting with many cultural and 
recreational opportunities available. Excellent schoo! 
system. University of Wisconsin-La Crosse, a pri- 
vate, 4-year college and a technical college also 
located in the community. Excellent working con- 
ditions, competitive salary and excellent pension 
program. No investment required. 


Send C.V. to: Philip J. Dahlberg, M.D.. Chairman, 
Personnel Committee, or CALL COLLECT to Tim 
Skinner, M.S.Ed., Manager, Physician Recruitment, 
at 1-608-782- 7300, ext. 3684. 


Gundersen Clinic, Ltd... | 
bs 1836 South Avent e Se 





The Department of Ophthalmology i at the a Univer: Tat. 










advanced clinical training ‘and PEEN 
research on infectious and inflammatory 
diseases of the eye using techniques of 
immunology, microbiology, cell and molec- 
ular biology.. 


iry programs of the foundation include 
als and research projects focused 


inflammatory diseases. Research 

is available through individual 

ppl ations to the NIH and other agencies. 

U.S. candidates should be board-qualified 

ophthalmologists or postdoctoral scientists. 

= However, applicants from outside the U.S. 
_ are also encouraged to apply. 


ic] Applications for July 1991 fellowships will 
|. be accepted until September 1, 1990. 


For further information and application 
forms, please write to: 


“Chandler Dawson, MD, Director 
-0 EL Proctor Foundation 
UNIVERSITY OF CALIFORNIA 
San Francisco, CA 94143-0412 
Telephone: (415) 476-1441 


OPHTHALMOLOGIST. £ Board-certified. 39 top train- 
~ing. Wide experience in medical/surgical ophthal- 
mology, laser treatment. Wishing to relocate to pur- 
ob chase, work for or join practice in Manhattan or 
- areas nearby. Send inquiries: Box #622, c/o AOP. 
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| MEDICAL RETINA SPECIALIST — Board-certified 
ophthalmologist trained in prestigious retina fellow- 
ship, with current Pennsylvania and New Jersey 
licenses, desires position in eastern Pennsyivania, 
southern New Jersey. Reply: Box #620, c/o AOP. 










TICE FOR SALE: Oregon — Well established, 
eral ophthalmology practice for sale. Smali 
college town location. Two fully equipped 
nes, argon laser, humphrey field analyzer, 
amera, Goldman perimeter, state-of-the-art 
Will stay to introduce. Reply: Box #618, 
















BELROSE’S NEW UNITS — Motorized chair with 
foot pedals. Smoked grey with biack tufted cushions 
th matching stand, three counter balanced arms, 
des wells with push button control for chair. Call 
t special price: Belrose, 3734 Oakton, Skokie, IL 
60076. is 675-2300. 


DOCTORS IN YOUR SPECIALTY are the best 
Market for used/serviceable equipment that may be 
‘surplus to your needs. Advertise this equipment in 

AMA specialty journal and reach your market. 
all our | (poo) 257.085 ee office toll free: 
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Bi-annual Meeting : 
Announcement and Call for Abstracts 
Contemporary Topiesin — = 
Ophthalmology and Otolaryngology 
at the 


HILTON INTERNATIONAL BARBADOS 
Barbados, West Indies 


JANUARY 19 - 26, 1991 
Registration Fees: $375 Members $450 Non-members 
One page abstracts should be sent by September 1, 1990 to: 


pane o 
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Albert W. Biglan, MD 
3518 Fifth Avenue 
Pittsburgh, PA 15213 


Jonas T. Johnson, MD or 

Donald B. Kamerer, MD 
Department of Otolaryngology 
Eye & Ear Institute of Pittsburgh 
203 Lothrop Street, Suite 500 
Pittsburgh, PA 15213 
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For additional information, contact: 


Robin L. Wagner, Administrative Coordinator 
(412) 647-2227 or FAX (412) 647-7964 


We Target The Physician 
You Want! 


The Archives of Ophthalmology’s classified recruitment section will deliver 
your message to exactly your target audience — all ophthalmologists. A total 
specialized physician audience of over 20,000. 


Send us your advertising order today. Just complete the coupon below and f- 
attach your typewritten copy. The next available issue is September which 
closes Wednesday, July 25th. For complete advertising rate information, please 
see the first page of this section. 


mice eee renee ORDER FORM ——————————— 


Insert my ad 





times, beginning with the 
Place my ad under the heading 


Enclosed is my check for $ to cover full payment 


of my advertising schedule. 
Institution _ 

Contact PESON eaan adah oa e T aa ela E 
Address 

ace ee AE aa 
Telephone Number ___. 


Authorized Signature 


Send all copy and payments to: 
archives of 





~~ Classified Department: : 
P.O. Box 1510; Clearwater, Florida 
~~ National (800) 237-9851 © Florida (800) 553-8288 







sterile ophthalmic solution 


ICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
wD to be effective in lowering intraocular pressure and may be used 
atients with chronic open-angle glaucoma or ocular hypertension. 
RAINDICATIONS; BETAGAN is contraindicated in those indi- 
duals with bronchial asthma or with a history of bronchial asthma, 
yere chronic obstructive pulmonary disease (see WARNINGS); sinus 
bradycardia; second and third degree atrioventricular block; overt car- 
ac failure (see WARNINGS); cardiogenic shock; or hypersensitivity 
to. any Component of this product. WARNINGS: As with other topical- 
applied ophthalmic drugs, BETAGAN may be absorbed systemically. 
he same adverse reactions found with systemic administration of beta- 
adrenergic blocking agents may occur with topical administration. For 
ample, severe respiratory reactions and cardiac reactions, including 
death due to bronchospasm in patients with asthma, and rarely death 
~inassociation with cardiac failure, have been reported with topical appli- 
» Cation of beta-adrenergic blocking agents (see CONTRAINDICATIONS). 
_ Cardiac Failure: Sympathetic stimulation may be essential for support 
¿ofthe circulation in individuals with diminished myocardial contrac- 
tility, and its inhibition by beta-adrenergic receptor blockade may 
- precipitate more severe failure. In Patients Without a History of Cardiac 
Failure: Continued depression of the myocardium with beta-blocking 
` agents over a period of time can, in some cases, lead to cardiac failure. 
_ At the first sign or symptom of cardiac failure, BETAGAN should be 
discontinued. Non-allergic Bronchospasm: in patients with non-allergic 
bronchospasm or with a history of non-allergic bronchospasm (e.g., 
chronic bronchitis, emphysema), BETAGAN should be administered with 
caution since it may block bronchodilation produced by endogenous 
and exogenous catecholamine stimulation of beta, receptors. Major 
Surgery: The necessity or desirability of withdrawal of beta-adrenergic 
blocking agents prior to major surgery is controversial. Beta-adrenergic 
receptor blockade impairs the ability of the heart to respond to beta- 
_adrenergically mediated reflex stimuli. This may augment the risk of 
general anesthesia in surgical procedures. Some patients receiving beta- 
adrenergic receptor blocking agents have been subject to protracted 
severe hypotension during anesthesia. For these reasons, in patients 
undergoing elective surgery, gradual withdrawal of beta-adrenergic 
receptor blocking agents may be appropriate. If necessary during surgery, 
the effects of beta-adrenergic blocking agents may be reversed by suffi- 
cient doses of such agonists as isoproterenol, dopamine, dobutamine 
or levarterenol (see OVERDOSAGE). Diabetes Mellitus: Beta-adrenergic 
blocking agents should be administered with caution in patients sub- 
ject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic 
agents. Beta-adrenergic receptor blocking agents may mask the signs 
and symptoms of acute hypoglycemia. Thyrotoxicosis: Beta-adrenergic 
blocking agents may mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing thyrotoxicosis should 
be managed carefully to avoid abrupt withdrawal of beta-adrenergic 
blocking agents which might precipitate a thyroid storm. Contains 
sodium metabisulfite, a sulfite that may cause allergic-type reactions 
including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HCI) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the im- 
mediate objective of treatment is to reopen the angle. This requires con- 
stricting the pupil with a miotic. BETAGAN has little or no effect on the 
pupil. When BETAGAN is used to reduce elevated intraocular pressure 
in angle-closure glaucoma, it should be used with a miotic and not alone, 
Muscle Weakness: Beta-adrenergic blockade has been reported to poten- 
tiate muscle weakness consistent with certain myasthenic symptoms 
(e.g., diplopia, ptosis and generalized weakness). Drug Interactions: 
BETAGAN should be used with caution in patients who are receiving 
a beta-adrenergic blocking agent orally, because of the potential for 
additive effects on systemic beta-blockade. Although BETAGAN used 
alone has little or no effect on pupil size, mydriasis resulting from con- 
comitant therapy with BETAGAN and epinephrine may occur. Close 
observation of the patient is recommended when a beta-blocker is 
administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia, which may produce vertigo, 
syncope, or postural hypotension. Animal Studies: No adverse ocular 
effects were observed in rabbits administered BETAGAN topically in 
studies lasting one year in concentrations up to 10 times the human dose 
concentration. Carcinogenesis, mutagenesis, impairment of fertility: 
In a lifetime oral study in mice, there were statistically significant (p < 
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0.05) increases in the incidence of benign leiomyomas in female mice: 
at 200 mg/kg/day (14,000 times the recommended human dose for 
glaucoma), but not at 12 or 50 mg/kg/day (850 and 3,500 times the human 
dose). In a two-year oral study of levobunolol HCI in rats, there was 
a statistically significant (p = 0.05) increase in the incidence of benign 
hepatomas in male rats administered 12,800 times the recommended 
human dose for glaucoma. Similar differences were not observed in rats: id 
administered oral doses equivalent to 350 times to 2,000timestherecom- ; 
mended human dose for glaucoma. Levobunolol did not show evidenċe | 
of mutagenic activity in a battery of microbiological and mammalian. 
in vitro and in vivo assays. Reproduction and fertility studies in rats ~ 
showed no adverse effect on male or female fertility at doses up to 1,800: 
times the recommended human dose for glaucoma. Pregnancy Category 
C: Fetotoxicity (as evidenced by a greater number of resorption sites) ~ 
has been observed in rabbits when doses of levobunolol HCI equivalent 
to 200 and 700 times the recommended dose for the treatment of 
glaucoma were given. No fetotoxic effects have been observed in similar 
studies with rats at up to 1,800 times the human. dose for glaucoma. 
Teratogenic studies with levobunolol in rats at doses up to 25 mg/kg/day 
(1,800 times the recommended human dose for glaucoma) showed no 
evidence of fetal malformations. There were no adverse effects on 
postnatal development of offspring. Itappears when results from studies 
using rats and studies with other beta-adrenergic blockers are examined, 
that the rabbit may be a particularly sensitive species. There are no 
adequate and well-controlled studies in pregnant women. BETAGAN 
should be used during pregnancy only if the potential benefit justifies 
the potential risk to the fetus. Nursing Mothers: It is not known whether 
this drug is excreted in human milk. Systemic beta-blockers and topical 
timolol maleate are known to. be excreted in human milk. Caution should © 
be exercised when BETAGAN is administered to a nursing woman. 
Pediatric Use: Safety and effectiveness in children have not been 
established. ADVERSE REACTIONS: In clinical trials the use of BETAGAN 
has been associated with transient ocular burning and stinging in about 
one in four patients, and with blepharoconjunctivitis in about one in 
20 patients. Decreases in heart rate and blood pressure have been 
reported occasionally (see CONTRAINDICATIONS and WARNINGS). 
The following adverse effects have been reported rarely with the use 
of BETAGAN: Iridocyclitis, headache, transient ataxia, dizziness, lethargy, 
urticaria and pruritus. Decreased corneal sensitivity has been noted in 
a small number of patients. Although levobunolol has minimal! 
membrane-stabilizing activity, there remains a possibility of decreased ri 
corneal sensitivity after prolonged use. The following additionaladverse ` 
reactions have been reported with ophthalmic use of beta, and beta, 
(non-selective) adrenergic receptor blocking agents: BODY AS A 
WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitagga. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 
SKIN: Hypersensitivity, including localized and generalized rash. 
RESPIRATORY: Bronchospasm (predominantly in patients with pre- 
existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due 
to withdrawal of miotic therapy in some cases), diplopia, ptosis. Other 
reactions associated with the oral use of non-selective adrenergic recep- 
tor blocking agents should be considered potential effects with 
ophthalmic use of these agents. OVERDOSAGE: No data are available 
regarding overdosage in humans. Should accidental ocular overdosage 
occur, flush eye(s) with water or normal saline. Ifaccidentally ingested, 
efforts to decrease further absorption may be appropriate (gastric lavage) Y 
The most common signs and symptoms to be expected with overdosage 
with administration of a systemic beta-adrenergic blocking agent are 
symptomatic brodycardia, hypotension, bronchospasm, and acute 
cardiac failure. Should these symptoms occur, discontinue BETAGAN 
therapy and initiate appropriate supportive therapy. The following sup- 
portive measures should be considered. 1) Symptomatic bradycardia: 
Use atropine sulfate intravenously in a dosage of 0.25 mg to 2 mg to 
induce vagal blockage. If bradycardia persists. Intravenous isoproterenol 
hydrochloride should be administered cautiously. In refractory cases 
the use of a transvenous cardiac pacemaker should be considered. 

2) Hypotension: Use sympathomimetic pressor drug therapy, such as 
dopamine, dobutamine or levarternol. In refractory cases the use of 
glucagon hydrochloride may be useful. 3) Bronchospasm: Use isopro- 
terenol hydrochloride. Additional therapy with aminophylline may be 
considered. 4) Acute cardiac failure: Conventional therapy with digitalis, 
diuretics and oxygen should be instituted immediately. In refractory 
cases the use of intravenous aminophylline is suggested. This may be 
followed, if necessary, by glucagon hydrochloride which may be useful. 
5) Heart block (second or third degree): Use isoproterenol hydrochloride 
or a transvenous cardiac pacemaker, 4 
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The TXR phaco handpiece and 
tips are designed to deliver very 

“smooth virtually “bubble-free” 
emulsification for visual clarity 
throughout the procedure...and 
‘lens chatter” is minimized. 


Added control and confidence 
with safe on demand reflux tor 


incarcerated tissue or for maintain- 


ing the anterior chamber when 
entering the eye. 
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Six-roller peristaltic pump 

head and fluid venting provide 
smooth aspiration flow to main- 
tain a consistent chamber 
without surges or fluctuations. 


} 


54 KHz phaco system provides 
the power to emulsify the 
hardest of cataracts...with low 
end power control, down to 
10%, for the most delicate 

of procedures. 
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500 IOLAB DRIVE, CLAREMONT, CA 91711 
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sear ACTIVATE PUMP HERD 
gunt CASSETTE 


CAUTION: 


Peristaltic pump head with six-rollers 
delivers smooth uniform “flutter-free” 
flow across the entire variable 
aspiration range 
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pact 


True TXR modularity allows 

overnight servicing, economical 
upgrades as required and virtually 
eliminates obsolescence. 
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FML-S Ophthalmic Suspension combines the advantages of fluorometholone 0.1% 
with the anti-infective coverage of sulfacetamide sodium 10%. 
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Allergan Pharmaceuticals joined the time-tested medications to provide a safe and 
effective alternative to conventional steroid anti-infective therapy. 
FML-S Suspension. It may be the most useful ophthalmic ever to hit the market. 
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Note: Employment of a corticosteroid medication in the treatment of patients with a history of herpes simplex requires great caution. 
Please see brief prescribing information on next page. 
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|. INDICATIONS AND USAGE: FML-S is indicated for steroid-responsive inflammatory ocular 
|. conditions for which a corticosteroid is indicated and where superficial bacterial ocular 
-infection ora risk of bacterial ocular infection exists. Ocular steroids are indicated in in- 
~ flammatory conditions of the palpebral and bulbar conjunctiva, cornea and anterior seg- 
- mentof the globe, where the inherent risk of steroid use in certain infective conjunctivitides 
-i$ accepted to obtain a diminution in edema and inflammation. They are also indicated 
inchronic anterior uveitis and corneal injury from chemical, radiation or thermal burns 
or penetration of foreign bodies. The use of a combination drug with an anti-infective 
componentis indicated where the risk of superficial ocular infectionis high or where there 
is an expectation that potentially dangerous numbers of bacteria will be present in the 
eye. The anti-infective drug in this product, sultacetamide, is active against the following 
commion bacterial eye pathogens: Escherichia coli, Staphylococcus aureus, Streptococ- 
-pus pneumoniae, Streptococcus (viridans group), Haemophilus influenzae; Klebsiella 
~- Species, and Enterobacter species. This product does not provide adequate coverage 
. Against Neisseria species and Serratia marcescens. A significant percentage of 
-staphylococcal isolates are completely resistant to sulfa drugs. CONTRAINDICATIONS: 
Epithelial herpes simplex keratitis (dendritic keratitis) and vaccinia. Fungal diseases of 
the ocular structures. Hypersensitivity to any component of the medication. WARNINGS: 
NOT FOR INJECTION INTO THE EYE. Prolonged use of steroids may resultin glaucoma, 
with damage to the optic nerve, defects in visual acuity and fields of vision, and in posterior 
subcapsular cataract formation. If used for longer than 10 days, intraocular pressure 
should be routinely monitored even though it may be difficultin children and uncooperative 
patients. Prolonged use of steroids may suppress the host immune response in ocular 
tissues and thus increase the hazard of secondary ocular infections. Various ocular 
diseases and long-term use of topical corticosteroids have been known to cause cor- 
neal and scleral thinning. Use of topical corticosteroids in the presence of thin corneal 
or scleral tissue may lead to perforation. In acute purulent conditions of the eye, cor- 
ticosteroids may mask infection or enhance existing infection. Use of ocular steroids may 
prolong the course and may exacerbate the severity of many viral infections of the eye. 
Employment of a corticosteroid medication in the treatment of patients with a history 
of herpes simplex requires great caution. Fatalities have occurred, although rarely, due 
to severe reactions to sulfonamides including Stevens-Johnson syndrome, toxic epider- 
mal necrolysis, fulminant hepatic necrosis, agranulocytosis, aplastic anemia, and other 
blood dyscrasias. Sensitizations may recur when a sulfonamide is readministered, ir- 
respective of the route of administration. {f signs of hypersensitivity or other serious reac- 
tions occur, discontinue use of this preparation. (see ADVERSE REACTIONS). Cross- 
sensitivity among corticosteroids has been demonstrated. A significant percentage of 
staphylococcal isolates are completely resistant to sulfa drugs. PRECAUTIONS: General: 
The initial prescription and renewal of the medication order beyond 20 milliliters should 
be made only by a physician after evaluation of the patient’s intraocular pressure, 
examination of the patient with the aid of magnification, such as slit lamp biomicrescopy 
and, where appropriate, fluorescein staining. Drug Interactions: Sulfacetamide prepara- 
tions are incompatible with silver preparations. Carcinogenesis, mutagenesis, impair- 
ment of fertility: No studies have been conducted in animals or in humans to evaluate 
the possibility of these effects with fluorometholone or sulfacetamide. Pregnancy: 
Pregnancy Category ©: Animal studies have not been conducted with FML-S Liquifilm 
Ophthalmic Suspension. Fluerometholone has been shown to be embryocidal and 
teratogenic in rabbits when administered at low multiples of the human dose. 
Fluorometholone was applied ocularly to rabbits daily on days 6-18 of gestation, and dose- 
related fetal loss and fetal abnormalities including cleft palate, deformed rib cage, 
anomalous limbs and neural abnormalities such as encephalocele. craniarachischisis, 
and spina bifida were observed. Kernicterus may be precipitated in infants by sulfonamides 
being given systemically during the third trimester of pregnancy. There are no adequate 
and well-controlled studies of FML-S Liquifilm Ophthalmic Suspension in pregnant 
women, and itis not known whether FML-S can cause fetal harm when administered 
toa pregnant woman. FML-S Liquifilm Ophthalmic Suspension should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. Nursing 
Mothers: It is not known whether topical administration of corticosteroids could result 
in sufficient systemic absorption to produce detectable quantities in breast milk. 
Systemically administered corticosteroids appear in breast milk and could suppress 
growth, interfere with endogenous corticosteroid production, or cause other untoward 
effects. Systemically administered sulfonamides are capable of producing kernicterus 
in infants of lactating women. Because of the potential for serious adverse reactions in 
nursing infants from FML-S, a decision should be made whether to discontinue nursing 
orto discontinue the medication. Pediatric Use: Safety and effectiveness in children have 
not been established. ADVERSE REACTIONS: Adverse reactions have occurred with cor- 
ticosteroid/anti-infective combination drugs which can be attributed to the corticosteroid 
component, the anti-infective component, or the combination. Exact incidence figures 
are not available, since no denominator of treated patients is available. Reactions occur- 
ring most often from the presence of the anti-infective ingredient are allergic sensitizations. 
Fatalities have occurred, although rarely, due to severe reactions to sulfonamides including 
Stevens-Johnson syndrome, toxic epidermal necrolysis, fulminant hepatic necrosis. 
agranulocytosis, aplastic anemia, and other blood dyscrasias (see WARNINGS). 
Sulfacetamide sodium may cause local irritation. The reactions due to the corticosteroid 
componentin decreasing order of frequency are: elevation of intraocular pressure (IOP) 
-4 . with possible development of glaucoma, and infrequent optic nerve damage; posterior 
|. subcapsular cataract formation; and delayed wound healing. Secondary infection: The 
~» development of secondary infection has occurred after use of combinations containing 
Corticosteroids and antimicrobials. Fungal infections of the cornea are particularly prone 
to develop coincidentally with long-term applications of corticosteroids. When signs of 
-chronic ocular inflammation persist following prolonged corticosteroid dosing, the 
-> possibility of fungal infections of the cornea should be considered. Secondary bacterial 
- ocular infection following suppression of host responses also occurs. 
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Vilmer Institute, The Johns Hopkins Hospital, 600 N Wolfe St, Bal- 
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in the event that such work is published by the AMA.” This 
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for review. We regret that transmittal letters not containing the 








oregoing language signed by all authors of the submission will 
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In case the work was done by a federal employee, each author 
must include a signed statement that the work reported was done 
while he or she was employed by the federal government. 


Author Responsibility.—All accepted manuscripts are subject to 
py editing. The corresponding author will receive an edited 
script rather than galley proofs for approval. The author is 
ible for all statements in his work, including changes made 
copy editor. Designate one author as correspondent and 
his address and telephone number. If the corresponding au- 
t reside in North America, please provide a fax number, 
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. If more than six authors are listed, a detailed written de- 
ption of each person’s personal contributions should be submit- 
with the manuscript. Such contributions must be substantial. In 
rder to qualify for authorship, the following must be true: 
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within my area of expertise), or the writing of the manuscript, to 
take public responsibility for it. I believe the manuscript represents 
valid work. I have reviewed the final version of the manuscript and 
approve it for publication. Neither this manuscript nor one with 
substantially similar content under my authorship has been pub- 
lished or is being considered for publication elsewhere, except as de- 
scribed in an attachment. Furthermore, I attest that I shall produce 
a upon which the manuscript is based for examination by the ed- 
or their assignees if requested.” 


muscript Preparation.—Submit an original typescript and two 
quality copies. All copy (including references, legends, and 
s) must be typed double-spaced on 21.6 x 27.9-cm (8% x11- 
aper. Margins of at least 2.5 cm (1 in) must be provided. If a 
‘processor is used, do not justify the right margin. 
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possible. The title page should include the first name, middle 

nitial, and last name of all authors with their highest academic 
legree and professional affiliation of all authors and city location. 
should also include the address (if different from the senior 


hor’s) to which requests for reprints should be sent. 

Informed Consent.—Manuscripts reporting the results of experi- 
nental investigations of human subjects must include a statement 
the effect that legal requirements governing consent were 
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footnote whether they do or do not have any commercial or prop! 
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ployer, partner, or business associate. Sample terminology follows 

“T certify that I have no affiliation with or financial involvement 
in any organization or entity with a direct financial interest in the 
subject matter or materials discussed in the manuscript (eg, em- 
ployment, consultancies, stock ownership, honoraria) except as dis- 
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the text or tables. Unpublished data and personal communications ` 
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(6) publisher, (7) year, and (8) page, if indicated. Authors are- S 
responsible for the accuracy of the references. A 


SI Units.—Use Systeme International (SI) measurements _ 
throughout the manuscript. (Exceptions are visual acuity mea- 
surements and intraocular pressure recordings.) 


Ilustrations.—Use only those illustrations that clarify and aug- 
ment the text. More than ten total illustrations per manuscript 
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triplicate, unmounted and untrimmed, each set separately pack- 
aged. Do not send original artwork. Send high-contrast glossy 
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PLEASE NoTE: Most COMMON ERRORS TO AVOID 
FOR BOTH ORIGINAL ARTICLES AND LETTERS TO THE EDITOR 


_ (1) Failure to send original typed manuscripts plus two 
copies. 

— (2) Failure to double-space entire manuscript (abstract, 
references, legends, and tables). 

— (3) References not in proper format, not in numerical 
order, or not cited in text. 

— (4) Use of 14-spacing rather than double-spacing. Do 
not justify right margins. 

— (5) Failure to send three sets of illustrations/photo- 
graphs or original color slides plus two sets of color 
prints. 

—— (6) Title too long. 

— (7) Failure to label abstract or to provide abstract (not 
needed for letters to the editor, case reports, photo 
essays). Abstract too long. 

— (8) Incomplete or improper consent forms for patient 
photographs; improper or incomplete legends. 

— (9) Failure to include copyright — transmittal form | 
(needed for both original articles and letters to the | 
editor). Failure to include proprietary statement. e 

—(10) Failure to include all authors’ personal signatures- : 
on copyright transmittal form (see paragraph 3). - B 

— (11) Failure to designate the corresponding author andj}. 
provide phone number and address. aan 2a 
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back of each illustration. Illustrations submitted for publication 
may be relettered to achieve uniformity of lettering style 
throughout the journal. Magnification and stain should be pro- 


-vided when pertinent. 
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> editors believe that color will add significantly to the published 
- manuscript. Please submit one set of positive transparencies 

: (35 mm slides) and two sets of color prints. The ARCHIVES will 
. pay part of the expense of reproduction and printing color illus- 
_ trations, the remainder to be borne by the author. Submit a 

_ statement indicating author’s willingness to accept this cost. Af- 

_ ter deducting the ARcHIvVES’ contribution, the author’s share is 
$400 for up to six square-finished illustrations that can be ar- 
ranged on a one-page layout. Any additional illustrations or spe- 
cial effects will be billed to the author at cost. 

Legends.—Legends must be typed double-spaced, beginning on a 
separate sheet of paper. Length should be limited to a maximum 
of 40 words and should allow the illustration to be fully under- 
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enhanced understanding. 

Authorized Use of Photographs.—Recognizable photographs may 
_ be taken and published only if specifically consented to by the 
patient. To facilitate proof, the consent should be in writing. Any 
restrictions or limitations on the consent must be strictly 
observed; eg, eyes are blocked out only as a condition of consent. 
Consent forms must include a specific statement that photographs 
and information related to a case may be published either 
separately or in connection with each other, in professional 
journals or medical books, provided that it is specifically under- 
stood that the patient shall not be identified by name. Parental 
consent for publication of photographs and information related to 
the case must include signature of both living parents. Consent 
releases for minors without living parents must be signed by the 
legally appointed guardian. Submit consent forms with the manu- 
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From the Archives of the Archives 


In cases of chronic softening, for instance, in atrophy, the eye remains smaller forever, and per- 
manent folds develop in the cornea and sclera. The cornea becames smaller with a corresponding in- 
crease of thickness. Folds of Descemet’s membrane and sometimes also small folds of Bowman’s 
membrane reveal themselves as gray lines, because between the membranes mentioned and the 
stroma of the cornea the tissue is under lower pressure, which leads at first to accumulation of lym- 
phocytes and later to new formation of connective tissue at these places. Contrary to this, a very small 
cornea may exceptionally have preserved its normal thickness and transparency. The sclera not only 
remains flattened at the four sides, but also develops a permanent fold behind the insertion of the 
four recti muscles extending all round so that it looks like an invagination of the sclera. 


SOURCE: Fuchs E. Consequences of softening of the eyeball. 








paper. Do not use larger paper. If a table must be continued, use a 


second sheet and repeat.all heads and stubs. Each table must have a S 


title. 


the visual aspects of the subject presented and should be sent di- 
rectly to the Editor of the ARCHIVES. The picture(s) should be of 
high quality and should be self-explanatory. The photographs can be 
of clinical entities, laboratory studies and findings (eg, smears, his- 
tologic sections), diagnostic techniques (roentgenograms, computed 


tomographic scans, magnetic resonance image, ultrasound, etc), 
therapeutic procedures, or a combination. The photo essay should | 
not necessarily result in a brief clinicopathologic report. Rather, it is 
should be a collection of photos that convey an important laboratory 


or clinical diagnosis and/or management story that becomes self- 
evident upon inspection of the illustrations. A concise essay, limited 
to 250 words, describing the clinical or laboratory information, pho- 
tograph(s), and a brief list of references (five or fewer), if pertinent, 
should be submitted in triplicate. There is no limit on the number of 
photos, but articles will be limited to one or two printed pages, and 
all material must fit into this format. Refer to the general “Instruc- 
tions for Authors” for other requirements (especially the illustra- 
tions). 


Questions and Answers—Questions for this section should be 
submitted to Stewart M. Wolff, Section Editor, Archives of 
Ophthalmology, 11 E Chase St, Baltimore, MD 21202. Such ques- 
tions are subject to editorial review and editing and will be 
published as space and editorial priorities permit. Questions 
should not exceed six double-spaced type lines. A signed copy- 
right transfer letter must be included (see the first page of 
“Instructions for Authors” for copyright transfer information). 


Correspondence and Case Reports.—Contributions to this section 
may include comments on articles published in the ARCHIVES, 
informative case reports, or other matters of ophthalmic interest. 
Such letters are subject to editorial review and will be published 
as space and editorial priorities permit. Published letters will be 
listed by author and title in the table of contents, and authors and 
subjects are indexed by the major indexing services. Letters to the 
editor and Case Reports ordinarily should not exceed 500 words in 
length. There should be a maximum of three references. Two 
figures or one figure plus one table can be printed. The typescript 
should be double-spaced with a ragged right hand margin and 
submitted in triplicate. A copyright transmittal letter signed by 
all authors must accompany the letter. Please refer to “Instruc- 
tions for Authors” for additional requirements. 


Reprints.--Reprints can be ordered at the time the typescript is 
returned after editorial processing. 


AMA Manual of Style-——This 1988 edition, formerly the Manual yas 
Jor Authors & Editors, is available from Williams & Wilkins, 428 E =- 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A. | - 


shipping charge is added on all orders not prepaid. If additional 
ordering information is needed, or to order by telephone, call 
1-800-638-0672. | 
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dry eye syndrome start 
with Tears Naturale I. 


Why make a harsh condition worse? 

Clinical studies document the high incidence 
of corneal epithelial abnormalities associated with 
the frequent use of products > containing toxic anti- 
bacterial preservatives. Preservatives like benzalko- 
nium chloride and chlorobutanol can actually cause 
corneal damage. Of course, that’s one of the last 
things a dry eye sufferer needs. TEARS NATURALE” II 
with POLYQUAD* on the other hand, enables cell 
structures to remain intact, maintains cell nuclei, and = 
-allows cell mitosis (in vitro data). 

Only TEARS NATURALE" TI offers the advan- 
tages of an unpreserved tear supplement with the 
safety, convenience, and economy of a preserved 
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Recommend TEARS NATURALE” T. It’s a truly 
ing choice for, your dry eye,sufferers. 
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I Should Have Called Lombart 


Are you tired of waiting for your instruments Our offices coast to coast allow us to give not just 
to arrive? Have you been delivered excuses instead better service, but the best. 
of what you ordered? You should have listened A “ Commitment. Responsibility. Attention 
to your colleagues when they told you to I to detail. Responsiveness to customer 
call Lombart. A ; a needs. On-time delivery. Integrity. 
Today’s market is flooded with in- i | * Trust. Products customers need. When 
strument dealers. Many are retailers, - they need them. At a reasonable price. 


¥%¥ Its no wonder why... 


NO ONE SELLS MORE THAN LOMBART. 
NO ONE. 


labs, or undercapitalized one-man shows 
that disappear as fast as they appear. 
Since 1980, over half a dozen large instru- 
ment dealers have closed shop, some by 
force! But one company is still going 
strong, Lombart Instrument Company. 
After nearly half a century, we are still 
the industry leader. No retail stores. No 
labs. No frames. No contact lenses... 
JUST OPHTHALMIC INSTRUMENTS. 
Our $6 million inventory allows 
us to deliver equipment, not excuses. 






LOMBART 


I NS TRB ene 


LOMBART INSTRUMENT COMPANY « 5358 robin hood rd. + norfolk, virginia 23513-2407 + FAX (804) 855-1232 + (804) 853-8888 + (800) 446-8092 
LOMBART INSTRUMENT SOUTHWEST - 801 avenue k « plano, texas 75074-8503 + FAX (214) 423-6847 + (214) 881-8303 + (800) 443-0120 
LOMBART INSTRUMENT WEST - 8676 commerce ave. « san diego, california 92121-2613 + FAX (619) 578-8369 + (619) 578-2020 + (800) 537-2020 
LOMBART INSTRUMENT NORTHEAST « p.o. box 1722 « rutherford, new jersey 07070-0722 + FAX (804) 855-1232 + (201) 387-0764 + (800) 223-3937 
LOMBART INSTRUMENT SOUTHEAST - 8208 cortez road west « bradenton, florida 34210-2423 + FAX (804) 855-1232 + (813) 794-1606 + (800) 782-8570 
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One lens now does it all, 
providing both magnification and a large field of view! 





The new Volk Pan Retinal Lens 2.2 revolutionizes With both good magnification and an extremely larg 
binocular indirect ophthalmoscopy by combining de- field of view, the Volk Pan Retinal Lens 2.2 is suitable 
sirable features of both the 20 Diopter and 30 Diopter for practically every examination procedure, including 
Lenses into one single lens. small pupil indirect ophthalmoscopy and can be used 


With Volk’s new patented design that stabilizes with all indirect ophthalmoscopes. 


retinal image size over the entire visual field, the an- The 52mm Volk Pan Retinal Lens 2.2 is available ir 
gular extent of the field produced by this lens is in- both Clear and Volk Yellow Retina Protector glass, and 
creased to 56°, along with magnification comparable features the highest efficiency and most durable 
to that of the 20 Diopter lens. multi-layer, Anti-Reflection coating available. 

Exclusive 





Manufacturer 


NOM OPTICAL / 7893 ENTERPRISE DRIVE, MENTOR, OHIO 44060 / [216] 942-616’ 
MADE IN THE UNITED STATES OF AMERICA [8001 345-VOLK 
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he Role of Optic Nerve Sheath Fenestration in 
agement of Anterior ischemic Optic Neuropathy 


Editor. —I was very interested to read the expedited 
publication in the December 1989 issue of the ARCHIVES by 

gott et al' claiming that surgical optic nerve sheath de- 
compression improved visual function in patients with 
“progressive” nonarteritic anterior ischemic optic neurop- 
-athy (NA-AION). They hypothesized that in NA-AION, 
“progressive visual loss after the initial ischemic event 
- could be due to interference with rapid axoplasmic trans- 
‘port produced by [cerebrospinal fluid] CSF pressure within 
the anatomically restricted confines of the perineural optic 
nerve space. Drainage of the CSF might allow recovery of 
? axoplasmic transport with subsequent improvement in 
ion.” This theory raises some very important issues that 
A comment before they are accepted as scientifically 


omments are based on the following: (1) my prospec- 
udies on NA-AION in more than 600 patients; (2) my 
sti dies of the blood supply of the optic nerve head for the 
ast. 35 years; (3) experimental and clinical studies on the 
pathogenesis of AION (20 years), and the pathogenesis of 
-optic disc edema in raised intracranial pressure and other 
ae conditions (30 years); (4) studies of the role of axoplasmic 
~~ flow in optie dise edema due to various causes as well as in 
- . acute ocular hypertension; and (5) experimental studies on 
- decompression of the optic nerve sheath in optic disc edema 
_. due to raised intracranial pressure.’ Based on this wide ex- 
¿o — perience, I raise the following questions about the hypoth- 
oe. esis of Sergott et al.' 
_.. In NA-AION, is the visual loss due to blockage of the ax- 
plasmic flow? Optic dise edema in raised intracranial 
ssure is due to axoplasmic flow stasis.’ Optic disc edema 
to intracranial hypertension, even of a very severe de- 
does not by itself cause visual dysfunction. When vi- 
dysfunction is seen in these cases, it is secondary to is- 
hemic changes‘; an eye with optic disc edema blacks out 
ly when the blood pressure drops. This is further evi- 
dence that the mechanism is ischemia. Axoplasmic flow 
plays no role in the conduction of nerve impulses. Thus, 
-there is not a shred of evidence that axoplasmic flow stasis 
- in optic dise edema per se causes any clinically detectable 
_ visual loss. The visual loss in AION is due to ischemia of the 
oe nerve fibers and not to axoplasmic flow stasis. 
- Can normal CSF pressure with normal intraocular pres- 
T sure produce axoplasmic flow stasis and optic disc edema? 
` We have no evidence for this. The authors’ statement that 
drainage of the CSF might allow recovery of fast axoplas- 
n port, with subsequent improvement of vision” has 
ifie basis. Axoplasmic flow stasis in NA-AION is 
y nia and is in no way related to the CSF pressure. 




























































































Thorough neurologic investigation, including CSF pressure 
measurement, of patients with NA-AION reveals no such. 
abnormality. While it is true that swollen axons (due to ax- 
oplasmic flow stasis from any cause) in the restricted space. 
in the optic disc may develop secondary capillary vascular 
changes and ischemia, resulting in further ischemic dam- 
age, the important factor to combat is the primary cause of 
axoplasmic flow stasis, which in NA-AION is ischemia and 
not CSF pressure. The authors further added, “If the initial 
event in progressive NAION [NA-AION] is indeed second- 
ary to an ischemic, vaso- -occlusive process, optic nerve 
sheath decompression may be effective because it decreases 
the perineural pressure exerted by the CSF. This pressure 
under normal circumstances may not interfere with optic 
nerve blood flow; however, in progressive NAION this sub- 
dural CSF might produce ‘additional compromise of vascu- 
lar perfusion and impair axoplasmic transport.” This state- 
ment is simply not supported by the basic hemodynamics of 
the optic nerve head. Decompression of the sheath of the- 
optic nerve cannot influence ischemia of the optic dise in- 
NA-AION because the optic disc is for the most part sup- — 
plied by the peripapillary choroid. Our fluorescein fundus ` 
angiographic studies, in more than 500 patients seen during - 
the very early stages of acute NA-AION, have overwhelm- | 
ingly shown peripapillary choroidal filling defects. Thus, - 
the authors’ statement that “optic nerve sheath decom- - 
pression represents a rational neurophysiologic approach” 
in NA-AION has no scientific validity. . 
What does a “distended” optic nerve sheath represent? 
The authors stated, “At surgery, the optic nerve sheaths — 
were distended, similar in appearance to the nerve sheath — 
we have observed in pseudotumor cerebri.... Incision of - 
the retrobulbar meningeal sheath resulted in the release of | 
a considerable amount of clear CSF such as observed with | 
pseudotumor cerebri. Incisions into multiple areas of the | 
nerve sheath and lysis of presumed arachnoidal adhesions » 
within the subdural space resulted in additional CSF - 
drainage, similar to the operative findings associated with — 
chronic papilledema caused by pseudotumor cerebri.” I 
studied the normal anatomy of the optic nerve sheath in 80 ` 
human subjects’ and also in vivo in more than 200 normal 
rhesus monkeys. I found that just behind the globe the 
sheath is normally bulbous and much larger in diame 
than the retrobulbar optic nerve. Since the dural sheat is 
made up of collagen tissue and not of elastic tissue it « 
“distend abnormally” at a level of CSF pressure. compa 
with life. The arachnoidal adhesions are a common 
finding. The amount of CSF released on incision of the 
robulbar part of the sheath depends on the « 
bulbous part of the sheath and on the extent of com 
cation between the sheath and the intracra bar 
noid space through the enue canal eio wh hig 
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- variable.’ Thus, the authors have described as abnormal 
perfectly normal findings on the retrobulbar part of the 
-. sheath of the optic nerve. 
What is the natural history of visual loss in NA-AION? 
There is no doubt that there is a progressive form of 
=. NA-AION, but it is quite unusual; the incidence in our pro- 
_ spective series is far lower than that cited by Sergott et al. 
~ We have seen spontaneous improvement of vision of the 
- type claimed by the authors in some cases, without any 
< treatment. Over the years, we have given the option of sys- 
_ . temic corticosteroid therapy to these patients; some of the 
- treated patients improved, a few from finger counting visual 
acuity and marked visual field defects to 20/40 or better, 
with almost normal visual fields. The statement by Sergott 
et al that patients showing beneficial influence of cortico- 
steroid therapy in my previous study* “could have had di- 
abetic papillopathy” is totally erroneous, and their claim 
that AION in diabetic patients is an “often self-limited 
condition” with visual recovery is contradicted by our large 
prospective study on the subject. Sergott et al, after 
surgery, reported visual improvement in two patients in the 
contralateral eye with long-standing decreased vision due 
to NA-AION and attributed it once again to “a decreased 
perineural CSF pressure around the previously damaged 
optic nerve which had not been operated on.” As discussed 
above, the assumption that perineural CSF pressure has 
anything to do with the visual loss in NA-AION is entirely 
mistaken. I have seen similar visual recovery without any 
treatment whatsoever. Thus, the natural history of NA- 
AION is more variable than is generally thought; a few pa- 
tients progress and a few spontaneously recover some 
vision. The authors may contend that they had a group of 
control cases in their series, but their sample size is far too 
small, both in the treated and control groups, to give accu- 
rate information, and, as the authors pointed out, the study 
was neither randomized nor double-masked. There is 
another confounding factor that one must keep in mind 
when recording visual acuity and visual fields—patients 
show a certain learning curve so that the first visual acu- 
ity and visual fields may not be representative of the ac- 
tual visual loss in all patients. Variability of visual func- 
tions on repeated testing in NA-AION is a not uncommon 
finding. 
Thus, I have serious reservations about the claims of 
Sergott et al, and I find no scientific basis for the hypoth- 
esis they put forward to explain their claim. My biggest 
= concern, however, is that the authors may have unwittingly 
and with the best of intentions opened a Pandora’s box with 
this publication for these reasons: (1) NA-AION is a very 
common disease in middle-aged and elderly people. (2) Pa- 
tients who have suffered a dramatic visual loss are desper- 
ate people who will try anything, and are therefore most 
vulnerable. New surgical procedures always have a special 
glamour, and many patients with AION will happily submit 
themselves to such procedures, whether their visual loss is 
progressive or not. (3) Surgical decompression of the sheath 
of the optic nerve is not altogether a benign procedure; in 
addition to complications associated with general anesthe- 
sia, serious blinding complications are possible, especially 
in patients with AION who are particularly vulnerable to 
further ocular ischemic disorders. (4) We know that surgi- 
cal procedures are a very lucrative business. The combina- 
tion of all these factors, added to the understandable 
nthusiasm of even honest ophthalmologists to undertake 
new procedure, could create a serious ethical problem. 
‘Although Sergott et al have stressed that surgical decom- 
pression of the sheath should be “considered only for that 
‘small group of patients with progressive visual loss,” I fear 
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that proviso will be quickly forgotten, as ethics and caution 
are pushed aside by expediency and fashion. 
SOHAN SINGH HAYREH, MD, PHD, DSc, FRCS 
Iowa City, lowa 
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In Reply.—We would like to address each of Dr Hayreh’s 
concerns. In NAION, is the visual loss due to blockage of the 
axoplasmic flow? Dr Hayreh states, and we agree, that in 
papilledema visual dysfunction is secondary to ischemia. 
Because optic nerve sheath decompression (ONSD) has 
been demonstrated to reverse severe visual loss in pseudo- 
tumor cerebri, we considered ONSD for other optie neur- 
opathies in which ischemia may be involved. Dr Hayreh 
continues that “axoplasmic flow plays no role in the con- 
duction of nerve impulses.” While this statement is true in 
the strict neurophysiologic sense, alteration of axoplasmic 
flow has produced blockage of impulse conduction in sev- 
eral carefully studied experimental and human conditions. 
First, giant axonal swellings have been produced in rats by 
the administration of 8-8'-iminodipropionitrile, a toxin 


that disrupts the cytoskeletal elements of axons. In this Y ` 


model, iminodipropionitrile blocks slow axonal transport 
more than the fast component, resulting in massive axonal 
edema in the proximal region of almost all a-motor neurons 
without segmental demyelination or fiber loss. Both mono- 
synaptic reflex pathway and intracellular records have re- 
vealed substantial reduction in conduction velocity, with 
conduction block developing 2 to 4 days after the adminis- 
tration of iminodipropionitrile. Parallel neuropathologic 
studies demonstrated that the terminal loops of myelin at 
the nodes of Ranvier maintained axonal contact but were 
displaced from the paranodal region to the internode. There- 
fore, in this model, a pure blocker of axoplasmic transport 
produced nerve impulse conduction abnormalities. 

In the specific circumstance of chronic experimental neu- 
ral ischemia, Sladky et al’ have produced neurophysiologic 
and histopathologic changes identical to the iminodipropi- 
onitrile model. Therefore, in these two circumstances, axo- 
plasmic transport and impulse conduction have been dem- 
onstrated to be inseparably related neurophysiologic pro- 
cesses. We believe that such a dynamic relationship may 
exist for NAION. 

Can normal CSF pressure with normal intraocular pres- 
sure produce axoplasmic flow stasis and optic disc edema? 
Dr Hayreh states that “axoplasmic flow stasis in NA-AION 
is due to ischemia and is in no way related to the CSF pres- 
sure.” We assume that the CSF pressure measurements re- 
ferred to are those determined by lumbar puncture. How- 
ever, there is not always a direct correlation between 
intracranial pressure and optic nerve function as illus- 
trated by the following: (1) patients with pseudotumor 
cerebri may continue to lose vision despite absolutely nor- 
mal intracranial pressure and perfectly functioning lum- 
boperitoneal shunts, and (2) ONSD reverses visual loss in 
pseudotumor cerebri but does not lower the intracranial 
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pr sire? Mhereiote, CSF pressure measurements do not 
alwayscorrelate with visual function and, in our opinion, do 
reflect the pressure dynamics of the intraorbital optic 


~> Qur approach to NAION via drainage of the perineural 
CSF to theoretically change axoplasmic flow stasis and 
- hopefully preserve some axonal function was actually sug- 
` gested to us by an article coauthored by Dr Hayreh, which 
©. stated,* “Axoplasmic flow stasis has been shown to be 
- - responsible for the optic disc edema in AION. Thus, axons 
swollen from axoplasmie stasis due to subclinical ischemia 
would compress the intervening capillaries much more ina 
very restricted space than when more space is available to 
accomodate them.... A vicious cycle, therefore, may be set 
_.... up in which the ischemia increases the stasis of axoplasmic 
= flow within the axons which through a compressive effect 
creases the ischemia more.’ 
lence, we may not be able to alter the initial ischemic 
event, but ONSD certainly seems a logical means for inter- 
ting the “vicious cycle” of ischemia increasing “the sta- 
sis of axoplasmic flow.” 
oe Finally, the experimental results reporting that “the op- 
.. tie dise is for the most part supplied by the peripapillary 
= choroid” and fluorescein angiography study results showing 
peripapillary choroidal filling defects are not universally 
accepted.‘ 
What does a “distended” optic nerve sheath represent? 
= We are aware of Dr Hayreh’s studies of the optic nerve 
sheath of rhesus monkeys and normal human cadaver 
specimens. However, we do not believe that data obtained 
from animal and autopsy material can be extrapolated di- 
rectly to a human disease state, especially since the cadaver 
study did not provide any details regarding the description 
of the nerve head. 
Vhat is the natural history of visual loss in NAION? Dr 
_.... Hayreh raises concerns about the natural history of NAION 
~~ and ethical issues of our study. First, the natural history of 
~ NATON, we believe, is described most completely by Boghen 
and Glaser,® and our experience has been similar in regard 
to the incidence of progressive disease, the striking lack of 
spontaneous improvement, and the futility of corticosteroid 
use. 

In regard to the ethical issues of surgery for progressive 
NAION, we did not undertake this investigation without 
considerable debate and caution. Our protocol and data 
were analyzed meticulously by all the authors to be certain 
we were not victims of enthusiastic mutual hypnosis. 

Moreover, our rationale and results were under constant 
-scrutiny by the residents, fellows, faculty, and referring 
physicians of Wills Eye Hospital, Philadelphia, Pa. 

‘We appreciate the issues Dr Hayreh has raised. However, 
yelieve that this approach to progressive NAION and our 
published work do have scientific rationale. This work was 
formed with caution, integrity, and the highest ethical 
principles. Our peer-reviewed scientific data are now avail- 
-able for other investigators to confirm or refute. 

ROBERT C. SERGOTT, MD 
Marc S. COHEN, MD 
THOMAS M. BosLey, MD 
PETER J. SAVINO, MD 
Philadelphia, Pa 
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Subdural Cerebrospinal Fluid? 


To the Editor.—In their article in the December 1989 i issu 
of the ARCHIVES, Sergott et al’ state that “... and lysis of 
presumed arachnoidal adhesions within the subdural spac 
resulted in additional CSF [cerebrospinal fluid] drain 
age....” Surely they mean they opened the subarachnoid 
space. The subdural space is only a potential space between 
the dura and arachnoid and ordinarily does not contain. 
cerebrospinal fluid.?? 

R. I. KELLEN, MB, FRESE 

Saskatoon, Saskatchewan 


1. Sergott RC, Cohen MS, Bosley TM, Savino PJ. Optic nerve decompres- 
sion may improve the progressive form of nonarteritic ischemic optic neu- 
ropathy. Arch Ophthalmol. 1989,107:1743-1754. . 

2. Miller N. Walsh and Hoyt's Clinical Neuro-ophthalmology. 4th ed. Bal- 
timore, Md: Williams & Wilkins; 1982;1:56. me 

3. Warwick R. Eugene Wolff's Anatomy of the Eye and Orbit. Tth ed. Lon- - 
don, England: H. K. Lewis; 1976:336-341. , 


In Reply.—We appreciate Dr Kellen’s comments regarding. 
our recent publication. He is indeed correct in that we 
meant to say “the subarachnoid space,” since he correctly. 
indicates that this is where the cerebrospinal fluid is con- 
tained. We thank him for drawing this to our attention. > 
ROBERT C. SERGOTT, MD | 
Marc S. COHEN, MD 
THOMAS M. BosLEY, MD 
PETER J. Savino, MD 
Philadelphia, Pa 


Does Optic Nerve Sheath Decompression Help 
Progressive ischemic Optic Neuropathy? 


To the Editor.—While I think the article by Sergott et al} 
in the December 1989 issue of the ARCHIVES is very inter- 
esting, and while I realize the authors have used the word 
“may” in the title, I still feel that there are some difficult 
questions that need further clarification. 

First of all, the number of patients in one sense 1s rela- 
tively small, at 14. In another sense, 14 patients with pro- 
gressive nonarteritic ischemic optic neuropathy is actually 
a rather large number. In other words, I find it unusual that 
the authors were able to find 14 patients of a progressive | 
nature in such a short period of time. | 

The second issue has to do with what we are calling . 
ischemic optic neuropathy. In the first place, we do not even | 
know for sure whether this entity is ischemic. We know that 
the optic nerves tend to be small, and we may suppose that 
any event that increases tissue pressure within the optic. 
nerve might produce an ischemic effect. However, the above 
is somewhat speculative. One wonders if progressive “so 
called” ischemic optic neuropathy may not be due to som 
occult arteritis. In other words, what sort of progressive is- 
chemic disease do we know except for that associated with 
arteritis? If there is some inflammatory component, it 
would then be difficult to understand what optic nerve 
sheath decompression would do for that entity. Another is 
sue that needs to be addressed is what the cerebrospi 
fluid pressure was. I do not see anything recorded in the. 


















































‘le n regard to this point. Are there some cases mixed in 
with the ones reported here that actually had increased 
7 cerebrospinal fluid pressure and that is the reason there was 
progression? It is difficult for me to understand why the 
optic nerve sheath would have been particularly bulging in 
the face of ischemic optic nerve disease without increased 
itracranial pressure. Why would not fluid within the optic 
nerve sheath decompress itself automatically into the head, 
since one was supposing that there was no increased pres- 
sure within the head itself? 

_ Finally, the amount of visual recovery is rather limited 
- in some of the cases that are reported as being responders. 
` If one looks at the visual fields, one notices that just a little 
: change in the edge of the visual field, in some cases, might 
be enough to encompass fixation and therefore produce the 
change in acuity that was noted. I do not see any data that 
would indicate that there was a major shift in a global 
number, such as mean deviation from before to after. One 
could also argue that, since occasionally people with so- 
called ischemic optic neuropathy have an improvement in 
vision, even in those proven cases such as temporal arteri- 
tis, some improvement in central vision could have been 
spontaneous. 

W. Bruce WILSON, MD 
Denver, Colo 
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In Reply.—We appreciate Dr Wilson’s comments regarding 
our article on optic nerve sheath decompression for pro- 
gressive nonarteritic ischemic optic neuropathy (NAION). 
Our relatively large number of patients with progressive 
NAION reflects the clinical activity of the Wills Eye Hos- 
pital Neuro-Ophthalmology Service, Philadelphia, Pa, 
where we see over 4000 patients a year. The incidence of 
progressive visual loss in our population correlates well 
with the incidence reported by Boghen and Glaser.' We 
agree with Dr Wilson that conclusive evidence is lacking to 
support a completely ischemic pathogenesis for NATION and 
believe that the alternative hypothesis proposed by 
Borchert and Lessel? may have merit. 
-= However, we doubt that an inflammatory etiology for 
_ NATION has been overlooked, because the most complete 
- histopathologic study of this entity did not demonstrate any 
< vascular or neural inflammation.’ We believe that the focal 
~ ischemic neuropathies of diabetes mellitus satisfy the eri- 
z. teria for another example of a progressive, nonarteritic is- 
chemic neuropathy. Most cases of focal ischemic neuropa- 
thy occur in middle-aged or elderly patients with acute or 
gradual progressive onset leading to wasting, weakness, 
and sensory loss.‘ In fact, the optic nerve and its meningeal 
sheath are anatomically more similar to a peripheral nerve 
and its epineurium than to other white matter tracts in the 
central nervous system, and future comparisons of NAION 
and peripheral nervous system ischemia may be worth- 
while. 
- Dr Wilson is correct in that we did not measure cere- 
: brospinal fluid pressure in our patients. These individuals 
did not have any clinical or neuroradiologic evidence of 
: pseudotumor cerebri or obstructive hydrocephalus. In con- 
rast, their clinical presentations, visual fields, optic disc 
ppearance, and neuro-ophthalmic evaluations were en- 
ly consistent with progressive NAION. We believe that 
ulging appearance of the optic nerve sheath may be 
ined by local factors such as impaired axoplasmic 
nsport or altered vascular perfusion. We may speculate 











es 08, August 1990 





that because of the anatomically small optic nerve head in 
NAION, a “tight compartment” syndrome develops so that 
the optic nerve sheath does not decompress spontaneously. 
We agree that the visual recovery for some of our patients 
was limited, but our control population did not demonstrate 
spontaneous recovery in keeping with what we have found 
to be the characteristic natural history of NAION.'> 
ROBERT C. SeErcott, MD 
Marc S. COHEN, MD 
THOMAS M. BosLEY, MD 
PETER J. SAVINO, MD 
Philadelphia, Pa 
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Can Empty Sella Syndrome Be Mistaken for a 
Progressive Form of Nonarteritic Ischemic 
Optic Neuropathy? 


To the Editor.—We read with great interest the article by 
Sergott et al' in the December 1989 issue of the ARCHIVES. 

We find it difficult to determine the exact nature of their 
decompressive procedure. The authors persistently men- 
tion multiple linear incisions of the meningeal sheath and 
lysis dissection of arachnoidal adhesions within the subdu- 
ral space, and they refer to the presence of cerebrospinal 
fluid and blood elsewhere within the subdural space. The 
subdural space is only a potential space and is normally 
empty, and frequent adhesions between dura and arachnoid 
are found in normal individuals.2? Cerebrospinal fluid is 
present and circulates in the subarachnoid space and it has 
been well established that an increase of pressure in this 
area is associated with papilledema, which can be relieved 
by decompression of the optic nerve sheath, but the arach- 
noid must be opened to achieve this goal. In the specimens 
so removed it should be possible to demonstrate arachnoid 
in a histologic preparation. 

Optic nerve sheath decompression for disc oedema sec- 
ondary to empty sella syndrome has been described.* We 
recently observed a patient with progressive visual field loss 
associated with altitudinal defects superior in one eye and 


inferior in the other, and we had entertained a possible | 


diagnosis of nonarteritic ischemic optic neuropathy 
(NAION), but detailed computed tomographic scanning 
with contrast cisternography revealed the presence of an 
empty sella syndrome and we are now considering optic 
nerve sheath decompression for this patient. 

Recent reports from Turkey by Kirkali et al’ indicate that 
the cause of the variable field defects associated with empty 
sella syndrome is not chiasma! herniation but thinning and 
flattening of the chiasmal bar as a result of pressure com- 
ing from the suprasellar cistern above and the empty sella 
below, resulting in ischemia due to the compressive effect of 
the CSF. Sergott et al' do not make it clear whether any or 
all of their patients were subjected to full neuroradiologic 
investigation, including contrast cisternography, to exclude 
the presence of an empty sella, and their compression may 
have relieved pressure around the compressed chiasmal 
bar. This may also explain the improvement of the second 
eye in one of their patients. 

It is difficult for us to understand how a decompression of 
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the optic nerve sheath could produce improvement in 
NAION, and indeed the progressive variety of NAION may 
not be due to a local vascular problem in the optic nerve 
sheath, but the cause may be further back in the parasel- 
lar/chiasmal area. It appears to us that further investiga- 
tion in this area is required before one could advocate de- 
compression of the optic nerve sheath in NAION. 

ERKAN MUTLUKAN, MD 

JAMES F. CULLEN, FRCS 

Edinburgh, Scotland 
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In Reply.—We are grateful for the opportunity to respond 
to the interesting comments of Drs Mutlukan and Cullen. 
The modified decompression procedure with multiple linear 
openings in the dura and lyses of “adhesions” or “trabecu- 
lations” between the meninges and the optic nerve was de- 
scribed and illustrated in our series of patients undergoing 
this surgical procedure for chronic papilledema associated 
with pseudotumor cerebri.' We are aware that the subdural 
space is only a potential space and that normal optic nerves 
demonstrate “adhesions.” As we indicated in our reply to Dr 
Kellen, we should have specified the subarachnoid space 
rather than the subdural space as the source of the 
cerebrospinal fluid. However, with breakage of these “ad- 
hesions,” we have consistently observed drainage of addi- 
tional cerebrospinal fluid from areas of presumed entrap- 
ment. 

The possibility of an empty sella syndrome explaining the 
biliteral improvement experienced by two of our patients is 
an interesting concept. However, both our patients under- 
went high-resolution computed tomographic scanning 
(GE9800 unit, General Electric, Schenectady NY) and mag- 
netic resonance imaging scanning (1.5 T field strength) of 
the orbits and chiasm. Both these studies failed to reveal 
any evidence of an empty sella syndrome or other chiasmal 
abnormalities. It is now widely accepted in neuroradiology 
circles that computed tomography and magnetic resonance 
imaging are superior to cisternography. 

The mechanism of visual improvement following optic 
nerve sheath decompression for progressive NAION re- 
mains to be elucidated. We doubt, however, that a chiasmal 
process contributes to the visual loss since the visual field 
changes of our patients and other reports of progressive 
NAION* are not chiasma! in nature. 

ROBERT C. SERGOTT, MD 
Marc S. COHEN, MD 
THOMAS M. BosLEY, MD 
PETER J. SAVINO, MD 
Philadelphia, Pa 
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Nonarteritic Ischemic Optic Neuropathy in Identical 
Female Twins: Improvement of Visual Outcome 
in One by Optic Nerve Decompression 


To the Editor.—The December 1989 issue of the ARCHIVES 
arrived in Israel in February 1990 and it was with the 
greatest interest that I read the pioneering work by Sergott 
et al' on optic nerve decompression in nonarteritic ischemic 
optic neuropathy (NAION). I had a similar idea in October 
1989 when I referred a patient with progressive NAION to 
undergo fenestration of the optic nerve sheath, and in this 
single case I can confirm the findings of Sergott et al in their 
larger series of patients. In fact, as they were in two of their 
cases, I too was surprised to observe an improvement in the 
visual outcome not only in the operated eye but also in the 
visual function of the unoperated eye affected by NAION in 
the past. 


Report of a Case.—A 49-year-old woman without hypertensive 
disease or diabetes came to the Neuro-Ophthalmologic Unit for a 
second opinion on September 20, 1989. Eight months previously, her 
right eye had developed NAION, which had left her with a visual 
acuity of counting fingers at 1.5 m for that eye. The patient was ex- 
tremely anxious that she might also develop NAION in the left eye 
since her identical twin sister had developed NAION in both eyes, 
4 years previously in one eye and 2 years later in the other eye. 

Examination on September 20 revealed a visual acuity of count- 
ing fingers at 1.5 m for the right eye and 6/6 for the left eye. 
Intraocular pressure was 16 mm Hg in both eyes. There was an ab- 
solute altitudinal superior field loss and a concentric contraction 
and depression of the lower field in the right eye. In the left eye, the 
visual field was normal with the exception of a slightly contracted 
nasal field (Fig 1). In the right eye there was optic atrophy with 
narrowing of arteries and depletion of the nerve fiber layer. The left 
optic disc showed no bulging, was pink, and had a cup-disc ratio of 
0.1. 

The patient’s twin sister was found to have a cup-disc ratio of 0.2 
with bilateral optic atrophy compatible with previous NAION. Be- 
cause of the interest in finding NAION in twins with a small cup- 
disc ratio? they were asked to have fundus photographs taken, but 
they refused. 

On October 8, the patient noticed a lowering of visual acuity of 
the left “good” eye and was hospitalized in another city. Results of 
all routine examinations were within normal limits, including the 
sedimentation rate. A therapeutic trial with steroids failed to im- 
prove her visual acuity, which continued to deteriorate. 

On October 24, she was again referred to our Neuro-Ophthalmo- 
logic Unit. Visual acuity was counting fingers at 1.5 m for the right 


Fig 1.—The visual fields on September 20, 1989, 8 months after non- 
arteritic ischemic optic neuropathy in the right eye and 2 weeks before 
nonarteritic ischemic optic neuropathy in the left eye. 
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Fig 2.—The postoperative visual fields in March 1990. 


eye and only perception of hand movement for the left eye with un- 
certain down light projection inferiorly. The left ocular fundus 
showed ischemic edema of the disc. Since there had been no 
response to the steroids and visual deterioration was so rapid that, 
with the eye virtually blind, it could hardly be affected for the 
worse, I applied the same rationale described by Sergott et al' and 
referred the patient for operation, ie, fenestration of the optic nerve 
sheath. Isaac Ben-Sira, MD, performed the operation on October 28 
in a private facility. 

Within a few days, the edema of the left disc disappeared and 
during the first week, the patient reported some visual improve- 
ment not only in the left eye but also in the right eye. In December 
1989, visual acuity was 6/60 for the right eye, whereas with the left 
eye, she was able to read from a distance of 40 cm letters usually 
read from a distance of 12 m. There was a detectable visual field in 
the left eye with the V-4 isopter on the Goldmann perimeter and 
there was some enlargement of field in the right eye. On March 20, 
1990, her visual acuity was 6/60 OD and 1/60 OS and the visual 
fiields improved further (Fig 2). 

It is worthwhile mentioning that in pseudotumor cerebri with 
chronic papilledema, the bilateral disappearance of papilledema 
following unilateral sheath incision has been described.’ Since it is 
well known that in some 50% of cases of NAION the second eye will 
also be affected within a period of 1 year, it is tempting to specu- 
late that unilateral decompression might perhaps prevent the ap- 
pearance of NAION in the fellow eye. 


Comment.—The case presented is of particular interest 
because it illustrates the bilateral involvement by NAION 
in twins with a small cup-disc ratio, because we had the op- 
portunity to examine the left eye 2 weeks before the 
appearance of NAION, and because of the bilateral im- 
provement in visual function following unilateral fenestra- 
tion of the optic nerve sheath. 

RIRI S. MANOR, MD 
Petah Tikva, Israel 
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Subretinal Hemorrhage During Fluorescein Angiography 


To the Editor.—Subretinal hemorrhage from choroidal ne- 
ovascularization during fluorescein angiography may not be 
quite as rare as Catalano and coworkers’ presume. We re- 
ported a similar case with long-term follow-up in a young 
man with the ophthalmoscopic appearance of presumed oc- 
ular histoplasmosis with choroidal neovascularization.’ 
Our patient did have transient nausea with a Valsalva-like 
episode in the middle of the angiogram that was presum- 
ably associated with the patient’s hemorrhage. 

EUGENE DE JUAN, JR, MD 

Durham, NC 


1. Catalano RA, Mehu M, Ray GS, Hampton GR. Subretinal hemorrhage 
from choroidal neovascularization: fluorescein angiographic documentation. 
Arch Ophthalmol. 1990;108:174-175. 

2. Antoszyk AN, de Juan E, Landers M. Subretinal hemorrhage during 
fluorescein angiography. Am J Ophthalmol. 1987;103:111-112. 


In Reply.—I would like to thank Dr de Juan for taking the 
time to reiterate a second case of subretinal hemorrhage 
occurring during fluorescein angiography. His case differed 
from ours, however, in that his patient became nauseated 
and vomited following fluorescein injection, and subse- 
quently was found to have a fresh subretinal area overly- 


ing an area suspected of being a choroidal neovascular + 


membrane. His case can best be described as a subretinal 
hemorrhage occurring after emesis following fluorescein 
angiography. Our patient did not have emesis and had no 
systemic symptoms related to fluorescein injection. Fur- 
thermore, we obtained photographs of the hemorrhage as 
it emanated from the choroidal neovascular net. In contrast 
with their case, we believe the hemorrhage in our patient 
was a fortuitous event unrelated to fluorescein injection. 

Similar to Dr de Juan and associates, we previously de- 
scribed a patient who developed an intraocular hemorrhage 
following emesis.' In this instance, the patient had prolif- 
erative diabetic retinopathy. Our question at that time, as 
now, is why patients do not more often report Valsalva-in- 
duced intraocular hemorrhages, as Valsalva maneuvers are 
not uncommon occurrences. 


ROBERT A. CATALANO, MD “ 


Albany, NY 


1. Kassoff A, Catalano RA, Mehu M. Vitreous hemorrhage and the 
valsalva maneuver in proliferative diabetic retinopathy. Retina. 1988;8:174- 
176. 
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Case Reports 


Postoperative Propionibacterium 
granulosum Endophthalmitis 


There has been growing recognition of 
an indolent form of anaerobic endoph- 
thalmitis occurring after extracapsu- 
lar cataract extraction caused by Pro- 
pionibacterium acnes. There have been 
16 cases of this entity reported in the 
literature and all but 1 have been due 
to P acnes (the species was not identi- 
fied in the sole remaining case).' To our 
knowledge, this is the first report of a 
P acnes-type endophthalmitis caused 
by the related organism, Propionibac- 
terium granulosum, indicating that 
the ability to produce this unique clin- 
ical syndrome is not limited to P acnes. 


Report of a Case.—A 79-year-old white 
woman was referred for evaluation of a 
chronically inflamed right eye. Extracap- 
sular cataract extraction with placement of 
a posterior chamber intraocular lens in the 
right eye had been performed 11 months 
prior to her presentation. Initially, she did 
well following the surgery, but 6 weeks 
postoperatively she developed considerable 
inflammation and underwent vitreous as- 
piration and intravitreal injection of gen- 
tamicin sulfate and amphotericin B. Micro- 
biologic cultures done at that time were 
negative. During the following months the 
eye continued to demonstrate considerable 
inflammation in spite of intensive topical 
steroid therapy. 

On ocular examination the patient’s vi- 
sual acuity was 20/200 OD and 20/50 OS. 
The conjunctiva was not inflamed but slit- 
lamp biomicroscopy showed 1+ flare and 
cell with many large mutton-fat keratitic 
precipitates. Intraocular pressure was 9 
mm Hg OD and 20 mm Hg OS. The right 
fundus was not well visualized due to media 
opacity and inflammatory vitreous debris. 
The patient underwent anterior chamber 
and vitreous aspiration and core vitrecto- 
my. Three areas of flocculent, white, resid- 
ual, lens material were noted superiorly 
behind the iris, which were débrided along 
with the central posterior capsule. The pa- 
tient was given 1 mg of vancomycin hydro- 
chloride, 400 ug of amikacin sulfate, and 400 
ug of dexamethasone intravitreally. The 
intraocular lens was left in place. Micro- 
scopic examination of the spun-down vitre- 
ous washings showed numerous variably 
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gram-positive pleomorphic bacilli compat- 
ible with P acnes (Figure). Anaerobic cul- 
tures yielded P granulosum after 5 days of 
incubation. The organism was sensitive to 
first-generation cephalosporins and vanco- 
mycin. The patient was treated with oral 
cephalexin and fortified cefazolin drops ev- 
ery 4 hours as well as topical steroids and 
5% homatropine hydrobromide. She noted 
immediate improvement in comfort and a 
reduction in inflammation and her postop- 
erative visual acuity at 2 months had re- 
turned to 20/40. 


Comment.—Chronic anaerobic en- 
dophthalmitis due to P acnes is a well- 
recognized clinical entity.’ It is char- 
acterized by a chronic, indolent course, 
and unlike lens-induced uveitis, which 
manifests early, inflammation typi- 
cally begins 2 to 6 months after sur- 
gery. The inflammation can be par- 
tially suppressed with steroids, and 
unless there is a reasonable index of 
suspicion the diagnosis may not be 
made for more than 1 year. 


We have presented a case of chronic 
anaerobic endophthalmitis that shows 
all the features of P acnes endoph- 
thalmitis and indicates that at least 
one other Propionibacterium species 
is capable of causing this distinctive 
form of uveitis. Propionibactervwm 
granulosum is present in much smaller 
numbers on the skin than P acnes, and 
infections due to P granulosum are 
quite rare.” However, P granulosum is 
known to have marked immunostimu- 
latory characteristics similar to P 
acnes. This is consistent with the cur- 
rent thinking that Propionibacterium 
endophthalmitis involves the promo- 
tion of hypersensitivity to residual 
lens material rather than a direct bac- 
terial invasion of tissue.’ 

This case also illustrates that it is 
crucial to properly handle and evalu- 
ate specimens; otherwise, cultures 
may be falsely negative. Because 
Propionibacterium organisms grow 


Gram’s stain of spun-down vitreous washings showing variably gram-positive pleomorphic bacilli 
consistent with Propionibacterium species (original magnification X 1250). 
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slowly, all cultures must be main- 
tained for 1 to 2 weeks rather than the 
usual 48 hours. The antibiotic suscep- 
tibility of P granulosum is similar to 
that of P acnes, and speciation is not 
required to facilitate antibiotic selec- 
tion. Antibiotic recommendations in- 
clude cephalosporin, clindamycin, pen- 
icillin, and vancomycin; of note, these 
organisms are poorly susceptible to 
gentamicin and amphotericin.! Fortu- 
nately, in spite of the prolonged in- 
flammation, the prognosis for visual 
recovery is usually good. 
JON WALKER, MD 
MATTHEW E. DANGEL, MD 
TORRENCE A. MAKLEY, MD 
E. MITCHEL OPREMCAK, MD 
Columbus, Ohio 


This research was supported by the Ohio Lions 
Eye Research Foundation. 

Reprint requests to the Ohio State University, 
Department of Ophthalmology, 456 W Tenth Ave, 
Columbus, OH 43210 (Dr Opremcak). 
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Acquired Partial Nasolacrimal 
Obstruction due to a Suture 
Stent Following 
Esophagocolostomy 





Nasolacrimal obstruction in children 
is usually congenital and typically re- 
sults from stenosis at the valve of 


Fig 1.—A silk suture was used as a ‘‘guide 
wire” stent to facilitate esophagocolonic dila- 
tion. 
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Hasner. Epiphora secondary to ac- 
quired dacryostenosis is much less 
common. We treated a child with par- 
tial, reversible, nasolacrimal obstruc- 
tion from an unusual cause, a silk su- 
ture stent used to facilitate esophageal 
dilation following esophagocolostomy. 


Report of a Case.—Esophageal atresia 
without tracheoesophageal fistula was di- 
agnosed in a 5-day-old boy. A feeding gas- 
trostomy was placed, which functioned sat- 
isfactorily until the child underwent an 
esophagocolostomy (interposition of a seg- 
ment of colon between the pharynx and the 
stomach) at age 14 months. Postoperative 
stenosis of the neoesophagus required ex- 
pansion with Tucker dilators on several oc- 
casions during the following year. For this 
procedure, an indwelling No. 2 silk suture 
was used as a “guide wire” stent (Fig 1); the 
suture passed through the nostril, nasal 
cavity, and nasopharynx, down through the 
esophagocolostomy, and exited through an 
external gastrostomy button. The suture 
was tied externally to close the loop. To di- 
late the stenotic neoesophagus, the suture 
was cut and secured to the rubber dilators, 
which were then passed through the gas- 
trostomy and out through the mouth. The 
silk suture was then repositioned and tied 
in preparation for future dilations, as 
needed. 

Our patient had had no ophthalmic signs 
or symptoms until the onset of left eye epi- 
phora at age 27 months. There had been no 
ocular discharge or evidence of conjunctivi- 
tis. The ophthalmic examination was unre- 
markable with the exception of mild tear- 
ing from the left eye. The silk suture for 
esophageal dilation passed through the left 
nostril, and we conjectured that a mechan- 
ical obstruction at the valve of Hasner could 
be the cause of the epiphora. 

Nasal endoscopy was performed with the 
patient under general anesthesia. The silk 
suture was found to pass directly beneath 
the left inferior turbinate (Fig 2). Moderate 
discharge was apparent on the suture, and 


Fig 2.—The silk suture passed beneath the in- 
ferior turbinate (asterisk), inducing mechanical 
partial obstruction at the valve of Hasner. 
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the nasal mucosa appeared slightly erythe- 
matous. The left superior canaliculus was 
cannulated and fluorescein was irrigated 
through the nasolacrimal duct to confirm 
anatomic patency. The esophagocolostomy 
was dilated as described above, and the silk 
suture was removed since no further dila- 
tions were anticipated. 

Sulfacetamide sodium-prednisolone ace- 
tate eyedrops were prescribed to be admin- 
istered to the left eye four times daily for 1 
week. Within 3 weeks the tearing from the 
left eye had improved essentially to normal, 
with only occasional epiphora occurring 
when the eye was exposed to cold or wind. 


Comment.—Complications second- 
ary to the indwelling silk suture used 
to facilitate esophagocolonic dilation 
are unusual. In some instances, otitis 
media may result from suture-induced 
edema around the orifice of the eusta- 
chian tube. A similar mechanism 
seems probable in our patient, in 
whom edema near the valve of Hasner 
caused functional, reversible, nasolac- 
rimal obstruction. 

GEORGE B. BARTLEY, MD 
CHRISTOPHER R. Morr, MD 
THOMAS V. McCAFFREY, MD 
Rochester, Minn 


Reprint requests to the Department of Oph- 
thalmology, Mayo Clinic, 200 First St SW, Roch- 
ester, MN 55905 (Dr Bartley). 





Relative Afferent Pupillary 
Defect With Normal 
Visual Function 





The afferent arc of the pupillary light 
reflex is known to coincide with the af- 
ferent visual system from the retinal 
ganglion cell as far as the optic tract. 
Thus, asymmetric visual field loss re- 
sulting from a lesion here is accompa- 
nied by a relative afferent pupillary 
defect. Patients with total optic tract 
lesions, for example, show complete 
homonymous hemianopia and a rela- 
tive afferent pupillary defect, both 
contralateral to the involved tract.' 
Before axons synapse in the lateral 
geniculate nucleus, pupillary fibers di- 
verge via the brachium of the superior 
colliculus to synapse in the pretectal 
nuclei. These are situated at the level 
of the posterior commissure just ros- 
tral to the superior colliculus. 

One would expect, therefore, that 
unilateral damage to the brachium of 
the superior colliculus would produce a 
contralateral relative afferent pupil- 
lary defect while sparing visual func- 
tion. We describe a patient with these 
findings after a thalamic-dorsal mid- 
brain hemorrhage from an arterio- 
venous malformation with magnetic 
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Light in Right Eye 
Light in Left Eye 


Time, 0.1 sec 





Fig 1.—Infrared pupillography. The top two lines represent the pupillary response of the right eye 
to light stimulus. The bottom two lines represent the pupillary response of the left eye to light stim- 


ulus. 
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Fig 2.—Left, Parasagittal T,-weighted thin sections of the midbrain and thalamus showing a large 
area of signal void due to a local encephalomalacia resulting from an old hemorrhage (arrows). 
Right, Axial T.-weighted image at a level of superior colliculus showing the lesion with a central 
high signal surrounded by a signal void representing an old hemorrhage (arrow). The lesion involves 
the posterior thalamus and the brachium of the superior colliculus. 


resonance image localization and pup- 
illographic confirmation. 


Report of a Case.—In September 1986, a 
33-year-old man came to us complaining of 
diplopia while reading. In December 1983, 
he had developed a sudden severe frontal 
headache associated with nausea, vomiting, 
and momentary loss of consciousness. An 
examination at another hospital revealed 
poor upgaze and pupillary light-near disso- 
ciation. Computed tomography demon- 
strated a right dorsal thalamic midbrain 
hemorrhage. Cerebral angiography showed 
an arteriovenous malformation fed by the 
right posterior choroidal artery. Six 
months later, a repeated angiogram showed 
partial resolution of the malformation. 

On examination, visual acuity was 20/20 
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+3 in the right eye and 20/20 +3 in the left 
eye. The patient interpreted 6 of 6 Ameri- 
can Optical Hardy-Rand-Rittler color test 
plates correctly with each eye. The results 
of external and slit-lamp examinations 
were normal. In the dark, the pupils were 5 
mm, with less than 1 mm of anisocoria, the 
left pupil being slightly smaller. They were 
briskly reactive to light. There was a left 
relative afferent pupillary defect reversed 
by a 1.8 log unit neutral density filter placed 
before the right eye. The presence of an in- 
put defect in the left eye was confirmed by 
pupillography (Fig 1). Visual fields were 
normal to confrontation, tangent screen 
with 3/1000 mm and 2/2000 mm white ob- 
jects, kinetic (Goldmann) and static (Hum- 
phrey 30-2) perimetry. Extraocular move- 
ments were full, with a comitant exotropia 


at near and a remote near point of conver- 
gence (12 cm). Upward saccades were mod- 
erately slowed with convergence retraction 
nystagmus, which was also elicited by 
downward-moving optokinetic stimuli. The 
fundi, including optic discs, retinal nerve 
fiber layer, and maculae, were normal. Vi- 
sual-evoked responses were normal. 

The T.-weighted axial and T,-weighted 
parasagittal magnetic resonance images 
demonstrated a lesion consistent with prior 
hemorrhage due to a known arteriovenous 
malformation. The area of involvement in- 
cluded the right dorsomedial thalamic nu- 
cleus, brachium of the superior colliculus, 
central tegmental tract, and red nucleus 
(Fig 2). Neuro-ophthalmic examination re- 
sults 8 months later remained unchanged. 


Comment.—Behr? first described a 
relative afferent pupillary defect in 
two patients with no detectable visual 
dysfunction and proposed that the le- 
sion involved the afferent arc of the 
light reflex in the midbrain. Ellis? de- 
scribed a patient with a right dorsal 
thalamic high-density lesion demon- 
strated on computed tomography with 
normal visual function and a left rela- 
tive afferent pupillary defect demon- 
strated by pupillography. He sug- 
gested that the mass lesion produced 
dysfunction of the contralateral 
brachium of the superior colliculus 
and that this was the basis for the rel- 
ative afferent pupillary defect. 

Johnson and Bell* have reported a 
similar case of a patient with a dorsal 
midbrain syndrome from a mixed 
germ-cell neoplasm of the pineal 
gland. 

The relative afferent pupillary de- 
fect in our patient probably has the 
same basis as that reported by Ellis’ 
and Johnson and Bell.* Magnetic reso- 
nance imaging provides precise neu- 
roanatomic localization. 

ScoTT FORMAN, MD 
MyLEs M. BEHRENS, MD 
JEFFREY G. ODEL, MD 
ROBERT T. SPECTOR, MD 
SADEK HILAL, MD PHD 
New York, NY 


This study was first presented at the Frank B. 
Walsh Society Meeting, Boston, Mass, February 
21, 1987. 

Reprint requests to the Department of Oph- 
thalmology, Westchester County Medical Center, 
Valhalla, NY 10595 (Dr Forman). 
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Fig 1.—Top, Initial appearance of right upper 
eyelid. Bottom, Eyelid 1 week later. 





Giant Molluscum Contagiosum 
Following Splenectomy 





The cutaneous lesions of molluscum 
contagiosum are typically small, mul- 
tiple, umbilicated papules. We report 
herein a case of a periocular mollus- 
cum infection that appeared as a large, 
solitary, rapidly growing lesion of the 
upper eyelid. 


Report of a Case.—A 25-year-old white 
woman presented with a 1-month history of 
an elevated erythematous nodule on the 
right upper eyelid. She complained of mild 
periocular pain. The examination revealed 
a best corrected visual acuity of 20/20 OU. 
A 1 X 1-cem, firm, tender, elevated, nonum- 
bilicated nodule was present in the right 
upper eyelid (Fig 1, top). The eyelid skin was 
erythematous and mildly edematous, but 
intact. There were no conjunctival follicles 
or keratitis. The remainder of the oph- 
thalmic examination results were normal. 
The patient received oral erythromycin 
therapy. 

One week later, the patient returned with 
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Fig 2.—Histopathologic features of biopsy 
specimen taken from lesion on right upper 
eyelid showing typical intracytoplasmic inclu- 
sions (arrowheads) (original magnification 
X 100). 


a 3 X 2-cm firm, tender, elevated lesion ad- 
jacent to the original nodule, which had a 
deep central encrusted cavity (Fig 1, bot- 
tom). The remainder of her examination 
results remained unchanged. An incisional 
biopsy was performed of the new lesion, and 
both bacterial and fungal cultures were ob- 
tained. The lesion was also curetted at this 
time. The biopsy specimen demonstrated 
typical intracytoplasmic inclusions of mol- 
luscum contagiosum (Fig 2). Antibiotic 
therapy was discontinued, and the right 
upper eyelid healed during the next 2 
months without additional therapy. Only 
minimal scarring occurred. 

Three months prior to her initial presen- 
tation, the patient underwent a splenecto- 
my. The operation was performed for pan- 
cytopenia secondary to hypersplenism from 
a presumed viral infection. All white blood 
cell counts were normal postoperatively, 
yet the patient developed a recurrent suba- 
cute bacterial endocarditis along with her 
atypical molluscum infection. No immuno- 
deficient condition has been diagnosed. The 
patient tested negative for human immu- 
nodeficiency virus. 


Comment.—When molluscum con- 
tagiosum involves the eyelid skin, the 
lesions are usually small, firm, waxy, 
umbilicated papules. Follicular con- 
junctivitis and superficial keratitis 
may occur secondarily. The diagnosis 
is often made from clinical examina- 
tion because of the characteristic cu- 
taneous lesions. Our patient presented 
with a solitary, nonumbilicated nodule 
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involving the right upper eyelid. A 
large, single, umbilicated lesion devel- 
oped, which proved through the biopsy 
to be molluscum contagiosum. We 
found only one other case report of a 
similar presentation; it was on the 
lower eyelid of a healthy 3-year-old 
child.' 

Molluscum should be considered in 
the differential diagnosis of large, sol- 
itary, rapidly growing eyelid lesions 
along with keratoacanthoma, seba- 
ceous cysts, foreign-body granuloma, 
and chalazion. An incisional biopsy 
will help make a proper diagnosis and 
prevent unnecessarily large excisions 
that could compromise the eyelids. 

Many viruses cause opportunistic 
infections in immunocompromised 
hosts. Molluscum, a double-stranded 
DNA poxvirus, has been associated 
with unusual clinical manifestations 
in patients with acquired immunode- 
ficiency syndrome.” An uncontrollable 
disseminated infection was also re- 
ported in a patient with selective im- 
munoglobulin M deficiency.’ Splenec- 
tomy decreases the body’s resistance 
to infection from encapsulated bacte- 
rial organisms. However, no decreased 
viral immunity occurs. Our patient’s 
atypical giant lesion may have oc- 
curred as a result of some immunode- 
ficiency from splenectomy, or these 
conditions may be totally unrelated. 
To our knowledge, no unusual mollus- 
cum infections have been documented 
in patients following splenectomy. 
Still, we recommend an evaluation for 
known conditions that decrease the 
body’s resistance to infection when 
unusual manifestations of molluscum 
contagiosum occur. 

JOHN V. LINBERG, MD 
WILLIAM K. BLAYLOCK, MD 
Morgantown, WVa 
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c Physician Ownership of Health Care Facilities 


Chicago, IH— Physician ownership of health care facilities 
can mean more efficient access to health care and even better 
quality of care for some patients. However, some observers 
fear it can also create an economic incentive to boost patient 
referrals to these facilities. 

The issue of physician ownership of health facilities is a two- 
sided coin. Attorney Theodore N. McDowell, Jr, writes in the 
American Journal of Law and Medicine that the Federal 
le Commission (FTC) views self-referral arrangements 
as possessing the potential to improve quality of care “be- 
eause an investment interest may lead to a stronger, more 
ae permanent working relationship between the referring prac- 
= titioner and the entity in which he has a financial interest.” 

- Furthermore, the FTC believes that “the practitioner's in- 
vestment interest creates a direct economic interest in ensur- 
ing that the facility will provide quality services.” 

However, McDowell notes, “The incentive to overutilize 
services and the conflict of interest may have the negative 
effect of increasing Medicare costs, jeopardizing the quality of 
patient care and improperly influencing the physician's exer- 
cise of his independent professional judgment.” 

Congress first enacted federal antikickback laws in 1972 
and amended them in 1977. These laws prohibit reimburse- 

ment to physicians for referral of Medicare or Medicaid pa- 

tients. In 1987, the Medicare and Medicaid Patient and Pro- 

gram Protection Act requested that the Department of 

-< Health and Human Services (DHHS) develop guidelines to 

provide a “safe harbor” for physician investment. Safe har- 

bors permit financial interests in facilities and patient refer- 
ral. In January 1989, the Office of the Inspector General 
outlined its proposed safe harbors, but no final regulations 
have been issued. 

In 1989, Rep Fortney (Pete) Stark (D, Calif) introduced the 
“Ethics in Patient Referrals Act” (HR 939). This act prohibits 
physicians who receive Medicare reimbursement from refer- 
ring patients to health care facilities in which they or an 
immediate family member have an ownership interest. Ex- 
ceptions to this prohibition permit radiologists, radiation 
therapy specialists, and pathologists to refer patients for 

- supplementary services associated with their specialities. 
_ Also, a physician may refer patients to another physician 

_.. (within a group practice or to a practitioner employed by the 
a ‘physician. 

Co The bill was not passed, but a portion of it was included in 
the Omnibus Budget Reconciliation Act of 1989. Janet Horan, 
legal counsel for the American Medical Association, explains 
that the act states that if a physician or an immediate family 
member has a financial relationship (ownership or investment 
interest or compensation arrangement) with an entity provid- 
ing clinical laboratory services, the physician may not refer a 
Medicare beneficiary to the entity for the provision of clinical 
laboratory services, and the facility may not present a claim 
for payment for such services. Such ownership or investment 
interest may be through equity, debt, or other means. Final 
regulations on this provision are to be published by October 1 

_ 1990. This prohibition is to apply to referrals made and ser- 
vices provided on or after January 1, 1992. 
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General exceptions to the prohibition for ownership and 
compensation arrangements are: 

1. Physicians’ services, if provided personally or under the n 
personal supervision of another physician in the same group- 
practice as the referring phy sician. 

2. In-office ancillary services that are furnished (a) person- | 
ally by the referring physician, (b) personally by another — 
physician in the same group practice as the referring physi- — 
cian, or (c) personally by individuals who are employed by the | 
physician or group practice and are supervised by the physi- | 
cian or another physician in the group and (a) in a building in 
which the referring physician (or another physician in the - 
same group practice) furnishes physicians’ services unrelated 
to clinical laboratory services or (b) in another building used. 
by the group for the central provision of the groups’ clinical 
laboratory services. The services must be billed by the physi- - 
cian, group practice, or other entity owned wholly by such _ 
physician or group, and the ownership or investment interest 
must meet other requirements established through regula- 
tion by the Secretary ofthe DHHS to protect against program a 
or patient abuse. 4 

3. Requests by a pathologist for diagnostic clinical labora-- 
tory tests and pathologic examination services, when the — 
services are furnished by or under the supervision of the 
pathologist pursuant to a consultation requested by another 
physician. 

4, Prepaid plans. 

5. Other financial relationships that the Secretary of the 
DHHS determines and specifies in regulations do not pose a 
risk of program or patient abuse.” 

In developing the budget reconciliation act, the Senate 
Finance Committee also adopted a provision to establish a 
formal mechanism for the Medicare carrier to collect informa- 
tion on physician ownership, monitor utilization, and identify 
abuses. Existing fraud and abuse laws would apply in prose- 
cuting offenders.’ 

Physician ownership of health care facilities may not be as 
widespread as some suppose. A survey conducted by the 
American Medical Association using the Socioeconomic Moni- 
toring System found that more than 90% of physicians sur- 
veyed had no ownership interest in a health care facility 
outside their main practices. Furthermore, fewer than 8% of 
all physicians surveyed own facilities and refer patients to 
them. The survey concluded that physician ownership of 
private health care facilities is not widespread among physi- 
cians who provided Medicare services. 

The Office of the Inspector General of the DHHS, the 
General Accounting Office, and the Congressional Research 
Service are all continuing investigations into physician own- 
ership of health care facilities, but, at this time, there is no 
further legislation pending. 









JULIE FOREMAN 
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Book Reviews 


Edited by Daniel M. Albert, MD 


Clinical Ophthalmology: A System- 
atic Approach, 2nd ed, by Jack J. Kan- 
ski, 491 pp with illus, Stoneham, Mass, 
Butterworths, 1989, $95. 


Although there is no dearth of texts 
written with the ophthalmologist-in- 
training in mind, Kanski’s second edi- 
tion of Clinical Ophthalmology contin- 
ues to occupy a position of significance. 
Designed with “a main emphasis on 
the clinical interpretation of clinical 
signs which still form the mainstay of 
diagnosis of eye disorders,” the text 
achieves the author’s goal of present- 
ing the subject matter in a clear, con- 
cise fashion. Moreover, the material is 
presented in sufficient depth for the 
book to be valued not only by those 
initially studying the core of clinical 
ophthalmology, but also by those re- 
viewing for examinations, or simply 
reviewing. 

Clinical Ophthalmology is organized 
into 15 comprehensive chapters. There 
is no chapter specifically devoted to 
pediatric ophthalmology, but topics 
relating to pediatrics are integrated 
throughout the text. 

Each chapter is introduced by an 
outline, which does more than merely 
provide an overview of the material to 
be covered; the outline serves as a 
framework that facilitates the intel- 
lectual processing of the information 
presented. The succinct text is rein- 
forced by numerous illustrations, in- 
cluding clinical photographs, roent- 
genograms, and schematic drawings. 
Concluding each chapter is a bibliog- 
raphy, which is thoughtfully organized 
by topic. For the most part, these bib- 
liographies direct the reader to an 
ample, but not overwhelming, number 
of primary sources. 





“,.. achieves the author’s goal of 
presenting the subject matter in a 
clear, concise fashion.” 





The second edition incorporates up- 
: dated material that reflects current 
thinking regarding pathophysiologic 
‘processes and therapeutic practices. In 
~ a somewhat unusual departure for a 
`- text of this type, Dr Kanski includes 
detailed descriptions of techniques “of 
the more commonly performed proce- 


dures,” both laser and surgical. Nev- 
ertheless, the beginner should heed the 
author’s disclaimer that Clinical Oph- 
thalmology is “not intended to be a 
textbook of eye surgery” and follow his 
advice to consult the references. 

Other minor criticisms also relate to 
the discussions of “treatment” of var- 
ious.eye disorders. In many cases, ex- 
perts within a given subspecialty 
would not be expected to agree unani- 
mously with the therapeutic measures 
or techniques described within 491 
pages. Also, it should be noted that 
some of the pharmacologic agents 
cited are not approved for use or are 
otherwise not readily available outside 
the United Kingdom. 

Although the thrust of the book is 
emphatically “clinical,” one final rec- 
ommendation for the next edition 
would be to augment coverage of oph- 
thalmic pathology. The histopatho- 
logic slides illustrating the classifica- 
tion of uveal melanomas are an effec- 
tive and helpful adjunct of the text; 
including histopathology elsewhere 
might add still further to the useful- 
ness and popularity of the book. 

These minor reservations and rec- 
ommendations notwithstanding, Clin- 
ical Ophthalmology is superbly con- 
ceived and executed. 

MICHAEL A. CHANG, MD 
Boston, Mass 


Fison’s Retinal Detachment Sur- 
gery, 2nd ed, by Arthur S. M. Lim, B. C. 
Ang, and B. W. Fleck, 125 pp with illus, 
Boston, Mass, PG Publishing, 1989, $59. 


This volume, a compilation of a lec- 
ture series given in Singapore in 1975 
by Lorimer Fison on retinal detach- 
ment surgery, is an updated version of 
the original text published in 1977. The 
book is intentionally written in the 
style of a lecture rather than in typical 
textbook style. Its stated purpose is to 
simplify the problems of retinal de- 
tachment to enable the nonsubspe- 
clalty surgeon (“the occasional retinal 
detachment surgeon”) to obtain good 
results in a majority of eases. This 
goal, of course, may be at odds with the 
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current medicolegal climate in the 
United States, but it is clearly useful to 
the general ophthalmic surgeon in a 
third-world country who may be many 
miles from the nearest vitreoretinal 


surgeon. 

As in the first edition, this book is 
schematic rather than encyclopedic in 
approach. The wording is simple and 
clear and each chapter is summarized 
in a brief introduction. Several terms 
that are uncommon in the United 
States are used throughout the text 
(for example, plomb, which refers to 
the silicone exoplants used in scleral 
buckling surgery). The authors also 
refer to iatrogenic chorioretinal adhe- 
sions as “a sterile reaction” that helps 
to keep the retina reattached. The 
photographs and illustrations are ex- 
cellent and complement the text 
nicely. The references, which are not 





footnoted but organized according to _. 


chapter at the end of the book, are less 
adequate; they should include a more 
extensive mention of the recent litera- 
ture. 


“.., particularly useful to a 


first-year resident...” 





The editors of this book espouse ap- 
proaches that would be considered un- 
usual in the United States. For exam- 
ple, they recommend laser prophylaxis 
of senile macular holes to avoid retinal 
detachment and 360° prophylactic cry- 


opexy to fellow eyes in patients with | 


giant tears. They also describe the use 
of posterior buckles and cryopexy of 
macular holes with retinal detach- 
ment and, apparently as an after- 
thought, mention treatment with pars 
plana vitrectomy followed by air fluid 
exchange. The authors also have a dif- 
ferent philosophy regarding subreti- 
nal Huid drainage. Compared with 
ophthalmologists in the United States, 
they evidently drain far fewer detach- 
ments, believe in totally passive drain- 
age so that the intraocular pressures 
stay firm (excess subretinal fluid is not 
removed), and do not recommend 
draining flat. These authors feel that 
the retina is more likely to settle out 
without folds if it is drained incom- 
pletely, with the remainder of the su- 
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= “ bretinal fluid being allowed to absorb 
A via pigment epithelial pumping action. 
 — Fison’s Retinal Detachment Surgery 


! contains a relatively short section on 
vitrectomy, particularly considering 
~ the advancements made in this field in 


the 12 years since the first edition of 
the book was published. In fairness, 
however, vitrectomy is not the major 
topic under consideration. 

On the whole, this is a sound book 
and particularly useful to a first-year 
resident or an ophthalmologist who is 
unfamiliar with or requires a review of 
retinal detachment surgery. One can 
easily read and digest this clearly writ- 


» ten book in a single sitting and come 


<= away with a basic understanding of the 

-general principles of retinal detach- 
ment surgery. It is not nearly as com- 
- = prehensive as Benson’s Retinal De- 

tachment, in this reviewer’s opinion 
the most comparable monograph on 
the subject. 

This short book is concise, clearly 
written, and accompanied by excellent 
photographs. It is ideal for residents in 
ophthalmology or general ophthalmol- 
ogists who desire a capsule description 
of retinal detachment surgery. 

Marc R. Levin, MD 
Boston, Mass 







I A Color Atlas of Ptosis: A Practical 
Guide to Evaluation and Manage- 





ment, by Jonathan J. Dutton, 156 pp with 
-` iltus, Boston, Mass, PG Publishing, 1989, 
$59. 


A practical approach to the patient 
with ptosis is important for eye resi- 
dents and ophthalmologists who do 
not specialize in oculoplastic surgery. 
Determination of cause, documenta- 
tion of a meaningful clinical examina- 
tion, and selection of the most appro- 
priate surgical procedure are key as- 
pects in the management of this 


,> disorder and are essential to an ac- 


| a surgical outcome. 


.a workable solution for the 


E : Sphidiaimologist conf ronted witha 


E k patient with ptosis.” 





Dr Dutton provides a workable so- 
lution for the ophthalmologist con- 
fronted with a patient with ptosis. 
Concisely written and lavishly illus- 
trated in color, this atlas takes the 
reader through a logical, stepwise ap- 
proach, culminating in appropriately 
detailed descriptions of the commonly 
applied surgical options. 


... Chapter 1 discusses cause and elas- 
sification. Chapter 2 approaches eyelid 










1atomy with a series of superb draw- 
ings and appropriate descriptive text. 
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Any student of eye plastic surgery 
would do well to study these pages. The 
clinical examination and selection of 
the correct surgical procedure are the 
subject of the third chapter. The final 
four chapters address commonly used 
surgical procedures and include indi- 
cations, preoperative preparation, 
stepwise operative approach, postop- 
erative management, and complica- 
tions. The procedures described are 
“bread and butter” surgery and are 
excellent, both graphically and in their 
written descriptions. 

This book is targeted for the oph- 
thalmology resident, the beginning oc- 
uloplastic surgeon, and the general 
ophthalmologist. Its beauty lies in its 
straightforward approach and its re- 
sistance to becoming an encyclopedia 
of surgical procedures. The result is an 
enjoyable treatment of the subject 
that can easily be read in a few eve- 
nings. There is sufficient detail to en- 
tice the reader to refer to the book 
often. 

Dr Dutton leaves the reader with a 
firm foundation in ptosis surgery as 
practiced in 1990. He has admirably 
accomplished his stated goal, which is 
“to present a simple, concise, and well- 
illustrated guide to ptosis surgery, spe- 


cifically directed at the surgeon who is 
less familiar with eyelid anatomy and 
who does not perform such operations 
on a daily or weekly basis.” 
LTC CHRISTOPHER T. WESTFALL, 
MC, USAF 
Boston, Mass 


Oculoplastic, Orbital and Recon- 
structive Surgery, volume 2: Orbit and 
Lacrimal System, edited by Albert Horn- 
biass, 822 pp with illus, Baltimore, Md, 
Williams & Wilkins, 1990, $139.95. 


This text is the second volume in a 
two-volume set on oculoplastic, or- 
bital, and reconstructive surgery. The 
first volume was published in 1988 and 
is entitled Eyelids. 

In the preface, Dr Hornblass re- 
marks, “There is a need for an ency- 
clopedic text in the field of ophthalmic 
plastic and orbital reconstructive sur- 
gery,’ and “the two volume compre- 
hensive text presents all phases of the 
diseases of the eyelids and orbit, with 
major surgical procedures discussed 
and illustrated.” In an attempt to ac- 
complish this goal, volume 2 is com- 
posed of 75 chapters and encompasses 
approximately 800 pages. Its list of 
authors is a veritable “Who’s Who” in 
oculoplastic surgery. 

The text’s 75 chapters comprise 13 
sections and include discussions of new 


diagnostic techniques in orbital dis 
ease, infectious disorders of the orbit, 
thyroid orbitopathy, orbital neo-. 
plasms, and orbital trauma. In addi- 
tion, heavy emphasis is given to a va- 
riety of orbital surgical techniques, 
including fracture repair, the anoph-. 
thalmic socket, and orbital decompres- 
sion. An extensive review of the laeri- 
mal system, including basic anatomy | 


and physiology, diagnostic tests, and — 
treatment of various lacrimal disor- —- 
ders, isextremely well done. The black- ` 


and-white clinical photographs and : 
clinical diagrams are of consistently 
good quality. 


.‘two thumbs up’ for any 
ophthalmologist who has a spe- 
cialized interest in orbital and oc- 
uloplastic diseases.” 





Asin any large text where numerous 
authors are involved (in this case more 
than 80), there is a tendency for dupli- 
cation of information. Also, because of 
the scope of the text, there are some 
discussions that are not of particular — 
pertinence to “the orbit,” such as the 
section on mandibular fractures anda _ 


chapter on Cardona keratoprostheses. — 
However, Hornblass tries to maintain — 
the flow of the text with editorial com- — 


ments and additions where indicated. 

The general format of each chapter 
is such that the incidence and cause of 
every clinical entity is discussed 
briefly, along with a summary of its 
pathologic characteristics. This is fol- 
lowed by a consideration of clinical 
features, treatment, and management. 

Because of this format, a physician 
looking for a brief summary (less than 
six or seven pages) of orbital problems 
that he or she will encounter may be 
quickly informed about the disease 
entity at hand. Despite the number of 
authors and presentation styles, the 
chapters are, in general, easily read- 
able with excellent bibliographies. 
Considerable emphasis has also been 
given to current topics in orbital eval- 
uation, such as magnetic resonance 
imaging and needle aspiration biopsies 
as well as recent innovations in orbital 
surgery, including laser applications 
and photodynamic therapy. There is — 
even an up-to-date review of thyroid — 
disease as it pertains to the orbit. 

As Siskel and Ebert would say, I give — 
this a definite “two thumbs up” for any | 
ophthalmologist who has a specialized _ 
interest in orbital and oculoplastic dis- -- 
eases. It is also appropriate for the — 
subspecialist in this area as well as fa- 
cial plastic surgeons and otolaryngol- ` 
ogists with an interest in orbital dis- _ 
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ease. Dr Hornblass is to be congratu- 
lated for his editorial work in making 
this text readable and well organized 
from beginning to end. 
DANIEL TOWNSEND, MD 
Boston, Mass 


Contact Lenses: A Textbook for 
- Practitioners and Students, 3rd ed, 


edited by Anthony J. Phillips and Janet 
Stone, 1017 pp with illus, Stoneham, 
Mass, Butterworths, 1989, $225. 


This single-volume book is a large 
but manageable third-edition text- 
book covering the subject of corneal 
and scleral contact lenses. It contains 
detailed chapters on contact lens fab- 
rication, use, indications, fitting pro- 
cedures, disease, and complications. It 
is a comprehensive, authoritative text 
for optometrists. Written by 28 con- 
tributing authors, the book was edited 
-by both English and Australian op- 
tometrists. 

There are 24 major chapters cover- 
ing a wide range of subjects. The book 
begins with the basies, including the 
anatomy and physiology of corneal 
tissue and tear chemistry, and spreads 
out to subjects that are probably be- 
yond a general ophthalmologist’s in- 
terest (eg, 75 pages are devoted to 
scleral lens fabrication). The majority 
of the material is up-to-date. There is 
a comprehensive discussion of contact 
lens materials and an excellent com- 
pendium of contact lens care solutions. 
An “After-Care Glossary” clearly ex- 
plains all the specialty terminology. 





“,.. written by optometrists for 
optometrists, but ophthalmolo- 
gists ... will also find the book an 
excellent resource.” 





As expected, much of the clinical 
discussion, such as patient selection, 
management, and complications, is 
written for optometrists. The explana- 
tions of disease are simplified but ac- 
curate. It is interesting that the book 
reminds optometrists that “in the UK 
referral must be made to an ophthal- 
mologist for any pathologic condition 
and that it must be documented in 
writing to the patient.” 

The book contains wise and conser- 
_ vative judgments: on the subject of ex- 
tended wear contact lenses the authors 
< encourage “more frequent lens re- 
- moval, at least once a week and pref- 
erably more often...to minimize 
risks of complications.” There is an 
interesting chapter on refractive 


changes of the eye secondary to long- 
term contact lens wear. Optometrists 
may be disappointed in the discussion 
of orthokeratology. The author glosses 
over the subject, claiming the pub- 
lished articles are poorly documented. 
The book is a well-written, compre- 
hensive discussion of the subject of 
corneal and scleral contact lenses. It is 
manageable and fairly priced consid- 
ering the detail devoted to each sub- 
ject. The references and bibliography 
are extensive and international. Con- 
tact Lenses: A Textbook for Practitio- 
ners and Students was written by op- 
tometrists for optometrists, but oph- 
thalmologists with a special interest in 
contact lenses will also find the book an 
excellent resource. 
Dick FLoyp, MD 
Boston, Mass 


Neurology and Neurobiology, vol- 
ume 43: Dopaminergic Mechanisms in 
Vision, edited by |. Bodis-Wolliner and M. 
Piccolino, 276 pp with illus, New York, NY, 
Alan R Liss Inc, 1988, $55. 


Neurons containing dopamine were 
first demonstrated in the retina more 
than 25 years ago, and since then a vast 
amount of research has been carried 
out on the role of dopamine and 
dopaminergic neurons in the visual 
system. Of 15 to 20 neuroactive sub- 
stances thought to be released from 
synaptic sites in the retina, dopamine 
is now one of the best characterized. 

Over the years, our view of the role 
of dopamine in the retina has changed 
substantially. Originally it was 
thought that dopamine, like L-gluta- 
mate, acetylcholine, y-aminobutyric 
acid, and glycine (other, well-charac- 
terized, neuroactive substances found 
in the retina) served as a retinal neu- 
rotransmitter, acting directly on reti- 
nal cell membranes to alter membrane 
potential or resistance. More than a 
decade ago, evidence was provided that 
a number of neuroactive substances 
released from synaptic sites in the 
brain interact with membrance recep- 
tors linked to intracellular enzyme 
systems. These enzyme systems usu- 
ally produce second-messenger mole- 
cules that modify or modulate neu- 
ronal activity. These substances thus 
act via biochemical mechanisms and 
are often termed neuromodulators. 
Monoamines, such as dopamine, were 
found to behave in this way. 

The evidence that dopamine serves 
as a neuromodulator in the retina is 
now quite compelling. Most of the 
dopamine receptors in the retina are of 
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the dopamine 1 type, linked through a 
G protein to the enzyme adenylate cy- 
clase. Activation of these receptors by 
dopamine leads to the accumulation of 
adenosine 3’,5’-monophosphate (cy- 
clic AMP) in the retina, and cyclic 
AMP appears to exert its effects by ac- 
tivating specific kinases, enzymes that 
phosphorylate cellular constituents. 
There is good evidence, for example, 
that dopamine, via such a cascade, al- 
ters the conductance both of glutamate 
and gap-junction channels in retinal 
horizontal cells. 


“The present volume is an im- 
portant one for researchers in the 
field...” 





This book, volume 43 in the neurol- 
ogy and neurobiology series, provides a 
set of mini-reviews on many aspects of 
dopaminergic mechanisms in the ret- 
ina. It resulted from a roundtable con- 
ference held in Budapest, Hungary, in 
1987 in association with the Interna- 
tional Brain Research Organization 
World Conference. In addition to the 
participants, some other investigators 
contributed to the volume, so that the 
book covers a wide range of topics, 
from the anatomy of dopaminergic 


neurons in the retina to visual deficits ™ 


in humans with Parkinson’s disease 
and other disturbances of dopamine 
metabolism. Additional topics covered 
include the regulation of dopamine 
synthesis and dopamine receptors, the 
modulation of melatonin synthesis by 
dopamine, and the effects of dopamine 
and dopaminergic agents on retinal 
ganglion cells, horizontal cells, pig- 
ment epithelial cells, and retinomotor 
movements. The reviews, mostly be- 
tween 12 and 20 pages in length, are 
concise, clear, and well written. 

The variety of effects that dopamine 
exerts in the retina is surprising and | 
more research needs to be done before 
we have a complete picture of the role 
of this agent in retinal function. The 
present volume is an important one for 
researchers in the field, and biomedical 
research libraries should consider pur- 
chasing it. The extensive reference 
lists accompanying each contribution 
cover virtually the entire literature on 
retinal dopamine research, and this 
alone makes the book valuable. Al- 
though offset printed directly from the 
submitted manuscripts (resulting in 
unevenness in the appearance of the 
individual contributions), the book is 
easy to read and the figures are repro- 
duced well. 

JOHN DOWLING, PHD 
Cambridge, Mass 


Book Reviews 





- Questions and Answers 
, Edited by Stewart Mackay Wolff, MD 





The rapid and complex advances in ophthalmic science make it dificult to stay abreast of the many changes 
that are occurring in our specialty. The ARCHIVES solicits your questions, therefore, and requests that they 
be clearly stated and reasonably focused. Names of submitters will be published if the authors wish. Please limit — 
your questions to six double-spaced lines and follow the guidelines put forth in our Instructions for Authors 
(readily found in any even-numbered issue of the ARCHIVES), A signed copyright transm ittal letter tothe AMA 
should accompany all submissions. Questions should be sent to Stewart M. W olf, MD, 11 E Chase St, 


Baltimore, MD 21202. 





E -Inferior Oblique Overaction and Dissociated Vertical 
< Deviation in Infantile Esotropia 


A 5-year-old boy with a history of surgery for infantile es- 

Q otropia presents with a residual esotropia associated with 

elevation of either eye in adduction. How can one differentiate 

- between inferior oblique overaction and dissociated vertical de- 
viation as a cause for these conditions? 


Both inferior oblique overaction (IOOA) and dissoci- 
A ated vertical deviation (DVD) are frequently associ- 
ated with infantile esotropia and may be seen together in 
the same patient. Vertical deviations due to IOOA are usu- 
ly concomitant—being greater in the field of action of the 
infe rior oblique—with a corresponding hypotropia of the 
opposite eye, and may be associated with a “V” pattern, 
-particularly in bilateral IOOA. Dissociated vertical devia- 
- tion describes a characteristic updrift of the eye associated 
with excyclotorsion and often abduction, which is not as- 
sociated with a corresponding hypotropia of the opposite 
eye. The deviation is comitant, variable, and not usually 
associated with a pattern. The deviation may be manifest or 
latent and only observed under cover of the fixating eye or 
when the eyes are dissociated by the nose. This latent de- 
viation may be termed occlusion hyperphoria. When both 
IOOA and DVD are present, the differential diagnosis can 
be difficult and assessment of ocular versions confusing. If 
> hypertropia in one eye is associated with a smaller 
podeviation in the other eye, then both conditions coexist. 
In young children in whom it is difficult to obtain accurate 
. measurements, the presence of a “V” pattern suggests the 
presence of IOOA. 

„Inferior oblique overaction is treated by weakening of the 
inferior oblique by recession, myectomy, or disinsertion.' In 
the presence of asymmetrical but bilateral IOOA, bilateral 

-surgery should be performed because of the high incidence 
of increasing IOOA in the eye not operated on. Dissociated 
a vertical deviation may be treated with supramaximal su- 
perior rectus recessions on a “hang back suture” depending 

on the size of the deviation.” Results are better for unilateral 
DVD than for bilateral DVD. If an occlusion hyperphoria is 
ssociated. with a DVD, then unilateral surgery may be 
rmed, as there is a low risk of developing a manifest 
on in the fixating eye. If IOOA and DVD coexist in 
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the same eye, then inferior oblique recession with anterior 
tendon displacement may be considered.’ z 
WILLIAM E. SCOTT, MD 
ROBERT J. MORRIS, MD 
Iowa City, Ilowa i 


1. Parks MM. Atlas of Strabismus Surgery. New York, NY: Harper & Row 
Publishers Inc; 1983:167-187, = 
2. Scott WE, Sutton VJ, Thalaker JA. Superior rectus recessions for dis- 
sociated vertical deviation. Ophthalmology. 1982;89:317-322. 
3. Kratz RE, Rogers GL, Bremer DL, Leguire LE. Anterior tendon 
displacement for DVD. J Pediatr Ophthalmol Strabismus, 1989,26: 212-217. | 





Primary Acquired Melanosis 


Q What is the current management of primary acquired mei- 4 
anosis? : 


The terminology used to describe pigmented conjunc- 
tival lesions has recently been reviewed. Primary ac- 
quired melanosis designates acquired conjunctival lesions 
that are clinically flat and variably pigmented. It does not 
include racial melanosis, congenital melanocytic lesions, or 
lesions resulting from systemic disease or local factors such 
as foreign bodies or medications. 
The management of these lesions is dictated by the his- 
topathologic features.” If the lesion is small, an excisional 
biopsy can be performed. If the lesion is too large to be easily 
excised, multiple incisional biopsies should be submitted in 
separate containers for histopathologic study. If atypical 
melanocytes are present, then treatment of the primary 
acquired melanosis is warranted to prevent the develop- 
ment of malignant melanoma. Treatment may consist of a 
combination of surgical excision and cryotherapy.‘ If atypia 
is absent, then residual areas of pigmentation may be pe- 
riodically observed, because melanoma is unlikely to de- 
velop. 
Davip J. Witson, MD — 
Portland, Ore 7 
1. Jakobiee FA, Folberg R, Iwamoto T. Clinicopathologic characteristiés. 
of premalignant and malignant melanocytic lesions of the conjunctiva. Oph- 
thalmology. 1989,96:147-166. K 
2, Folberg R, MacLean IW, Zimmerman LE. Conjunctival melanosis and.. 
melanoma. Ophthalmology. 1984;91:673-678. z 


3. Folberg R, MacLean IW, Zimmerman LE. Primary acquired melanosis 
Hum Pathol. 1985,16:129- 135. 

å. Jakobiee FA, Rini FJ, Fraunfelder FT, Brownstein 5. Cryotherapy for. 
conjunctival primary acquired melanosis and melanoma: experience: with 62 
eases. Ophthalmology. 1988;95:1058-1070. 


Questions and Answer 





News and Comment 


Oliver D. Schein, MD, MPH, Joins The 
Wilmer Eye Institute.—Oliver D. Schein, 
MD, MPH, has joined The Wilmer In- 
stitute’s Dana Center for Preventative 
Ophthalmology at The Johns Hopkins 
University School of Medicine in Bal- 
timore, Md. Formerly on the faculty of 
the Harvard Medical School in Boston, 
Mass, Dr Schein is now an assistant 
professor of ophthalmology at The 
Wilmer Eye Institute and an assistant 
professor of epidemiology at The 
Johns Hopkins School of Public 
Health. Dr Schein’s clinical practice 
will be based in Wilmer’s Cornea and 
Anterior Segment Service. He will also 
serve as the director of ophthalmology 
at the Homewood Hospital Center, 
part of The Johns Hopkins Health 
System in Baltimore. His research will 
be supported by a $190000 3-year ca- 
reer development fellowship awarded 
by the Merck Company Foundation 
and the Society for Epidemiologic Re- 
search. He will study cataracts and 
their treatment in the United States 
and developing countries. Dr Schein 
received his medical degree and mas- 
ter’s degree in public health from 
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Oliver D. Schein, MD, MPH 


Johns Hopkins. After completing his 
residency in internal medicine and 
fellowship in preventative ophthal- 
mology at Hopkins, Dr Schein took his 


residency in ophthalmology and fel- 
lowship in cornea and external disease 
at the Massachusetts Eye and Ear In- 
firmary in Boston. 


St Louis Ophthalmological Society 
Elects New Officers.—At its Annual 
Membership Meeting, the St Louis 
(Mo) Ophthalmological Society elected 
the following new officers for 1990- 
1991: Stephen R. Waltman, President; 
Robert D. Lewis, MD, Vice President; 
and Allen F. Tess, MD, Secretary- 
Treasurer. 


Richard Keates, MD, Appointed First 
Leopold Professor.—Richard Keates, 
MD, of the Department of Ophthal- 
mology at the University of California, 
Irvine (UCI), School of Medicine, was 
recently named to the Irving Leopold 
Chair in Ophthalmology. The chair 
was established this year in honor of 
Irving H. Leopold, MD, founder of the 
Department of Ophthalmology at UCI 
in 1975. Dr Leopold served as professor 
and chair of the department until his 
retirement in 1984. 





Obituaries 


BEDELL, Rowland H. S., 55, Bethesda, 
Md; Cornell University Medical Col- 
lege, 1960; residency, Georgetown Uni- 
versity Hospital, 1964, Veterans Ad- 
ministration Medical Center, 1965; 
certified by the American Board of 
Ophthalmology; died April 4, 1990. 


FAILLA, John Anthony, 76, Jupiter, Fla; 
Boston University School of Medicine, 
1939; residency, New York Polyclinic 
School-Hospital, 1947; certified by the 
American Board of Ophthalmology; 
died October 7, 1989. 


JESSEN, Robert Harry, 72, Laramie, 
Wyo; State University of New York 
Science Center at Brooklyn, College of 
Medicine, 1947; residency, Barnes Hos- 
pital, 1958; died October 11, 1989. 


LAZICH, Bronislav M., 76, Los Angeles, 
Calif; State University of New York at 
Buffalo School of Medical and Biomed- 
ical Science, 1941; certified by the 
American Board of Ophthalmology; 
died January 15, 1990. 


LODEN, James Pope, 58, Nashville, 
Tenn; University of Tennessee at 


Memphis College of Medicine, 1958; 
residency, Vanderbilt University Med- 
ical Center, 1964; certified by the 
American Board of Ophthalmology; 
died April 17, 1990. 


MAXWELL, Hal Wendell, 82, Dallas, 
Tex; Baylor College of Medicine, 1933; 
residency, New York Eye and Ear In- 
firmary, 1943; certified by the Ameri- 
can Board of Ophthalmology; died 
April 13, 1990. 


ROBERTS, Bernard Alan, 75, Morris- 
town, NJ; New York Medical College, 
1938; residency, Goldwater Memorial 
Hospital, 1947; certified by the Amer- 
ican Board of Ophthalmology; died 
August 12, 1989. 


SCIMECA, Anthony Adolf, 65, W Islip, 
NY; University of Maryland School of 
Medicine, 1924; certified by the Amer- 
ican Board of Ophthalmology; died 
January 24, 1990. 


STIEF, Kirwin Henry, 57, Fraser, Mich; 
Jefferson Medical College of Thomas 
Jefferson University, 1957; residency, 
Harper-Grace Hospitals- Harper, 1962; 
died April 13, 1990. 
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STONECYPHER, David D., 94, Ne- 
braska City, Neb; University of Ne- 
braska College of Medicine, 1921; cer- 
tified by the American Board of Oph- 
thalmology; died January 9, 1990. 


TOLL, William George, 70, San Diego, 
Calif; Jefferson Medical College of 
Thomas Jefferson University, 1935; res- 
idency, Mount Sinai Hospital, 1951; cer- 
tified by the American Board of Oph- 
thalmology; died November 3, 1989. 


WALLACE, Grady Monroe, 77, Lub- 
bock, Tex; University of Tennessee 
College of Medicine, 1939; residency, 
Naval Hospital, 1943, Reginal Medical 
Center, 1946; certified by the American 
Board of Ophthalmology; died Febru- 
ary 9, 1990. 


WASSON, Paul E., 71, Canton, Ohio; 
University of Rochester School of 
Medicine and Dentistry, 1944; resi- 
dency, University Hospitals, 1946; cer- 
tified by the American Board of Oph- 
thalmology; died March 8, 1990. 


News and Comment/ Obituaries 
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Women with Ne Symptoms 
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S049 Every 1-2 yoars 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10. 

If you have questions about breast cancer detection for 
asymptomatic women, please contact us. 


w American 189! Preston White Dr 
IO College of Reston. Virginia 22091 


Radiology (703) 648-8900 


AMERICAN Prolessional Education Dept 
National Headquarters 
90 Park Avenue 
New York, New York 10016 
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mation of the palpebral and bulbar conjunctiva, cornea and anterior segment of the globe. 


CONTRAINDICATIONS: FML is contraindicated in the following conditions: Epithelial herpes sim- 
plex keratitis (dendritic keratitis), vaccinia, varicella, and other viral diseases of the cornea and 
conjunctiva, tuberculosis of the eye, fungal diseases of the ocular structures and hypersensitivify 
to any ingredient of the medication. 


WARNINGS: Corticosteroid medication in the treatment of patients with a history of herpes simplex 
keratitis (involving the stroma) requires great caution; frequent slit lamp microscopy is mandatory. 


Prolonged use may result in elevation of IOP, with damage to the optic nerve, defects in visual acuity 
and fields of vision, and/or in posterior subcapsular cataract formation. It may also aid in the estab- 
lishment of secondary ocular infections from fungi or viruses liberated from ocular tissues. 
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of corticosteroid medication. 
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cidentally with long-term local corticosteroid applications, fungal invasion must be suspected in 
any persistent corneal ulceration where a corticosteroid has been used or is in use. 
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or in humans to evaluate the possibility of these effects with fluorometholone. 


Pregnancy Category C: Fluorometholone has been shown to be teratogenic and embryocidal in 
rabbits when given in doses approximating the human dose and above. There are no adequate, 
well-controlled studies in pregnant women. Fluorometholone should be used during pregnancy 
only if the potential benefit outweighs the potential risk to the fetus. 

Fiuorometholone was ocularly applied to both eyes of pregnant rabbits at various dosage levels 
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Nursing Mothers: It is not known whether topical ophthalmic administration of corticosteroids could 
result in sufficient systemic absorption to produce detectable quantities in breast milk, neverthe- 
less, the physician should consider having the patient discontinue nursing while the drug is being 
administered. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Adverse reactions include, in decreasing order of frequency, elevation of 
intraocular pressure (IOP) with possible development of optic nerve damage; loss of visual acuity 
or defects in fields of vision; posterior subcapsular cataract formation; and delayed wound healing. 
The following have also been reported after the use of topical corticosteroids: Secondary ocular 
infection from pathogens liberated from ocular tissues and, rarely, perforation of the globe when 
used in conditions where there is thinning of the cornea or sclera. 
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'o Treat or Not to Treat 


NW acular hole is a retinal disorder that appears de- 
LVI ceptively simple: a neat, round defect in the 
center of the macula, usually occurring in elderly 
women and causing legal blindness; no treatment is 
_. apparently available. With more careful assessment, 
- however, the issues are not so straightforward. A 
` macular hole is a challenge for ophthalmologists to 
explain and to treat. 








See also p 1088. 











Macular holes, although sometimes bilateral, are 
ly simultaneous in onset. This provides us with an 
portunity to observe early lesions in fellow eyes, 
where the slightest visual disturbance is usually no- 
= oticed and reported by the frightened patient. 
Improved diagnostic acumen and increased sophis- 
tication about pathogenesis of retinal diseases have 
facilitated the development of a more detailed de- 
scription of lesions that may be precursors of a mac- 
ular hole. In 1988 Gass! presented a description and 
classification of the various stages of macular hole 
formation and a hypothesis that included therapeutic 
implications. 
Most investigators now believe that some form of 
itreous traction plays a role in the pathogenesis of 
fe ular holes. Whereas previous thinking had fo- 
~.eused on anteroposterior vitreous traction, Gass in- 
troduced the concept of tangential vitreous traction 
- exerted by a thin layer of cortical vitreous. The exist- 
ence of such a layer has been confirmed by a clinical 
and histopathologic pilot study of vitrectomy for im- 
pending macular holes." 

One important clinical fact is the occasional re- 
versibility of presumed early stages of macular holes, 
possibly because of the spontaneous separation of the 
posterior vitreous with the release of vitreous trac- 

tion. Vitreofoveal separation appears to protect the 
ye from future progression to macular holes. How 
en this occurs is unclear. The study by Akiba et al* 
his issue of the ARCHIVES is a useful attempt at 
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arly Stages of Macular Holes 










































providing natural history data for eyes with early — 
stages of macular holes. : 
Since vitreous traction appears to play an impor- — 
tant role in the formation of full-thickness macular 
holes, the question of surgical intervention, with me- 
chanical release of all vitreous traction, in an attempt — 
to stop progression to full-thickness macular holes,is _ 
a legitimate one. As is always the case in surgery, the | 
benefits have to be balanced against the risks; in this | 
case, the benefits of vitrectomy with the release of | 
vitreous traction and presumed arrest of progression _ 
to full-thickness macular holes must be weighed 
against the risks of vitreous surgery, which include 
iatrogenic macular holes, an increased rate of nuclear 
sclerosis, retinal detachment, and microbial endoph- 
thalmitis. 
Ophthalmologists have widely diverging opinions 
regarding this tissue. Some argue that vitrectomy in 
this situation is risky for a disease with an uncertain 
natural history and a relatively good outcome. Others 
believe it is unethical not to perform a prophylactic 
vitrectomy in suitable eyes. A number of centers are 
now addressing the question of prophylactic vitrec- 
tomy in eyes with impending macular holes in the 
context of a prospective, randomized, clinical trial. In 
this study, symptomatic fellow eyes with stage 1 
macular hole lesions! are randomized to vitrectomy vs 
observation. The vitrectomy involves mechanical re- 
lease of all vitreous traction, whether anteroposterior | 
or tangential. Outcome is assessed by masked evalu- 
ation of fundus photographs. Since patients meeting 
all the eligibility criteria for this study are rare, a 
multicenter collaborative effort is necessary. Referral 
of eligible patients to participating centers will con- | 
tribute to data that, when analyzed, should provide ano 
answer regarding the value of vitrectomy in the pre 
vention of full-thickness macular holes. Simulta 
neously, the study will generate information on the 
natural history of presumed precursor lesions from 
those study patients who are randomized to observa- 
tion. 
SERGE DE BUSTROS, MD 

Baltimore, Me 7 





-VITRECTOMY FOR PREVENTION OF MACULAR 
| HOLE STUDY 



































This is a partial list of principal investigators and centers as of 
April 10, 1990. Additional centers are in the process of į joining the 
study. 

__. (Study Chairman) Serge de Bustros, MD; (Coordinating Center) 
: The Wilmer Ophthalmological Institute, The Johns Hopkins Uni- 
_ versity, Baltimore, Md; (Biostatistician) Cheryl Enger, MS; (Study 
Coordinator) Carol Srnec; (Photography Reading Center) Robert N. 
_ Johnson, MD (San Francisco, Calif); (Data Safety and Monitoring 
Committee) Cheryl Enger, MD, Maureen Maguire, PhD, Andrew 
Schachat, MD, Serge de Bustros, MD; (Consultants) Stuart L. Fine, 
MD, J. Donald Gass, MD; (Principal Investigators and Centers) 
Thomas Aaberg, MD (Altanta, Ga), Ronald Michels, MD (Balti- 
more), Thomas Rice, MD (Cleveland, Ohio), Brooks McCuen, MD 
(Durham, NC), William Wood, MD (Lexington, Ky), Richard Ober, 
MD (Los Angeles, Calif), William Smiddy, MD (Miami, Fla), Gary 


Optic Neuropathy 


P 1963, Walsh and Lindenberg’ microsurgically ex- 
. amined 140 optic nerves from 70 patients who had 

died after head trauma. These investigators classified 
changes in the intraorbital, intracanalicular, and in- 
~ tracranial portions of the nerves as primary or 
=- secondary lesions. Primary lesions occur at the in- 
_ stant of the blow to the head and consist of the 
- following: (1) hemorrhages in the optic nerve, the du- 
ra, and the vaginal sheaths; (2) tears in the nerve, 
- usually in the intracranial segment but occasionally 
- affecting the entire nerve; and (3) contusion necrosis 





| See aiso p 1091. 





from direct trauma. Secondary lesions can develop 
seconds, minutes, or even hours after the initial 
trauma and are basically circulatory in origin. These 
lesions include edema and necrosis of the optic nerve 
from systemic and localized circulatory insufficiency, 
such as that resulting from vasospasm, primary 
vaso-occlusion, and external compression of vessels. 
In view of the many factors that may play a role in 
: o-called traumatic optic neuropathy, it is not sur- 
sing that the management of this condition re- 
mains controversial. 

‘It seems clear that traumatic optic neuropathy re- 
sulting from damage to the anterior intraorbital por- 
i tion of the opie nerve, pene that associated 
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Abrams, MD (Milwaukee, Wis), Mark Blumenkranz, MD (Royal 
Oak, Mich), Richard McDonald, MD (San Francisco), Joseph Olk, 
MD (St Louis, Mo), Steve Charles, MD (Memphis, Tenn), Craig 
Morgan, MD (Huntington, WVa), Jack Sipperiey, MD (Phoenix, 
Ariz), Howard Gilbert, MD (Minneapolis, Minn), William Free- 
man, MD (San Diego, Calif). 
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The Management of Traumatic 


with swelling of the optic disc and a retinal appear- 
ance that suggests occlusion of the central retinal 
vein, should be treated immediately by fenestration 
of the optic nerve sheath. In such cases, neuroimag- 
ing studies show an enlarged optic nerve, blood is 
found in the subarachnoid space surrounding the op- 
tic nerve, and release of this blood through the open- 
ing in the dura surrounding the nerve may be associ- 
ated with dramatic improvement i in vision.” Patients 
to whom no treatment is given rarely i improve spon- 
taneously. 


The treatment of patients with traumatic optic © 


neuropathy associated with a normal-appearing fun- 
dus is more controversial. It is clear that some 
patients with profound visual loss from traumatic 
optic neuropathy improve spontaneously. Wolin and 
Lavin,’ for example, described a patient who devel- 
oped immediate blindness (no light perception) from 
optic neuropathy after indirect trauma related to 
blunt head injury. The patient recovered a visual 
acuity of 20/50 without any treatment. We have seen 
a few similar cases. Nevertheless, most patients do 
not improve spontaneously. For this reason, the fol- 
lowing two main treatment options have been advo- 
cated: decompression of the optic nerve within the 
optic canal and use of systemic corticosteroids. 

The rationale for optic nerve decompression is that 
it may reduce the sequelae of hemorrhagic compres- 
sion of the optie nerve and its vascular supply within 
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the optic canal, particularly when there is an associ- 
p ated fracture of the canal and a bone fragment that 
- ig compressing the optic nerve. It has been claimed 
that this treatment may restore vision days, weeks, or 
_ even months after vision has been lost.*® Some phy- 
_. gicians reserve this treatment for those patients who 
© initially have vision after an injury but who subse- 
quently develop visual impairment with signs of op- 
tic neuropathy (eg, afferent pupillary defect). Al- 
though this may seem like a rational approach, the 
majority of patients who develop traumatic optic 
neuropathy are rendered unconscious for at least a 

. brief period by the trauma, develop marked swelling 
of the eyelids that obstructs vision, or both. Thus, it 
sually is impossible to know at what point after in- 
jury vision has been lost, and there is no way to pre- 
N. will benefit from optic nerve decompression 

























; “Many physicians believe that treatment with sys- 
-temic corticosteroids is indicated in patients with 
traumatic optic neuropathy. The rationale for the use 
of steroids is that they may reduce the traumatic 
edema and limit the severity of contusion necrosis of 
- the nerve. Steroids also may reduce the degree of va- 
~gospasm that can accompany the trauma. As is the 
case with optic nerve decompression, cases of impres- 
_ give return of vision after the institution of steroids 
< have been reported.’** 
oth optic nerve decompression and treatment 
h systemic corticosteroids have had their champi- 
ver the years, but there have never been any 
pective, controlled studies comparing these two 
itments with no treatment. The problems in per- 
<- forming such studies are substantial. Considerations 
~; must include criteria for patient selection, how soon 
to implement treatment after injury, what dosage of 
corticosteroid is appropriate, how long steroid treat- 
ment should be continued, who should perform the 
surgery, and what technique should be used. Almost 
certainly such a study would need to be multicentered, 
and substantial funding would be required. 
In this issue of the ARCHIVES, Joseph et al* have 
__ approached one aspect of this problem. Fourteen pa- 
: tients with unilateral ‘ ‘posterior’ traumatic optic 
_ neuropathy underwent optic nerve decompression by 
the same surgeon using a standard (external eth- 
* moidectomy) procedure. Neuro-ophthalmologicexam- 
-inations were performed on all patients by a physi- 
cian not involved in the surgery. There was no mor- 
bidity or mortality from the procedure, and 11 of the 
14 patients experienced visual improvement. These 
results are quite impressive, particularly when com- 
pared with the experience of one of the authors, who 
previously reported spontaneous improvement in vi- 
sion in only 1 of 25 untreated patients with traumatic 
posterior optic neuropathy and in only 1 of 4 patients 
treated with systemic corticosteroids.” 
_. Thestudy reported by Joseph et al has many weak- 
=" nesses. The patients were nonconsecutive and nonco- 
- matose, and the interval from injury to surgery was 
aoe broad—1 to 5 days. No standard dose of 
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systemic corticosteroids was used, and the decision t 
stop steroids was not uniform (steroids were contin 
ued for “1 or 2days” after surgery). Nevertheless, th 
article shows that when optic nerve decompression. is 
performed by a single surgeon in a standardized 
fashion, a substantial percentage of patients. with 
even profound visual loss from traumatic optic neu- 
ropathy may experience impressive visual recovery. | 
Until and unless a prospective clinical trial is per- 
formed, I agree with the protocol recommended by — 
Joseph et al for patients with posterior traumatic op- - 
tic neuropathy, and I emphasize that one crucial fea- 
ture of the protocol is the immediate availability ofa . 
specific surgeon with the expertise to perform the de- — 
compression. I continue to agree with Kline et al, 
however, that the choice of proper treatment of trau- 
matic optic neuropathy requires a randomized, con- 
trolled clinical trial comparing no treatment, surgical 
therapy of a specific type by a single experienced sur- 
geon, and the use of systemic corticosteroids. 
NEIL R. MILLER, MD 

Baltimore, Md 
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Risk of Developing a Macular Hole 


Jun Akiba, MD; Akitoshi Yoshida, MD; Clement L. Trempe, MD 


e We followed up 45 eyes with early- 
stage idiopathic macular hole (mean pe- 
riod, 32 months; range, 7 to 87 months) 
to investigate their prognoses, especially 
in relation to the vitreous condition. At 
initial examination, 18 eyes (40%) 
showed vitreous separation from the fo- 
vea, and 10 (22%) developed vitreous 
separation during follow-up. None of 
these 28 eyes progressed to a fully de- 
veloped macular hole during follow-up. 
Moreover, the macular disease was ap- 
parently improved in 23 (82%) of these 
eyes. However, of the remaining 27 eyes 
without vitreous separation from the fo- 
vea, 10 eyes (37%) progressed to a fully 
developed macular hole. We speculate 
that early-stage macular hole could be 
reversed by spontaneous vitreous sepa- 
ration from the fovea, and this chance 
may be greater than the risk of true 
macular hole formation. 

(Arch Ophthalmol. 
1090) 


1990;108:1088- 


GS ince the major cause of idiopathic 

macular holes is believed to be vit- 
reous traction on the fovea, ™ closed 
vitrectomy has been performed on 
eyes with early-stage macular hole to 
release the vitreous traction.” How- 
ever, the exact risk of true hole devel- 
opment in eyes with early-stage macu- 
lar hole has not been well defined. 
Recently, Gass” and Wiznia” reported 
that the risk in some eyes with prehole 
condition could be reversed by releas- 
ing vitreofoveal traction. The knowl- 
edge of the risk of true hole formation 
and the chance of improvement by 
spontaneous vitreous separation was 
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essential to manage early-stage macu- 
lar hole cases. Therefore, we followed 
up 45 patients with early-stage idic- 
pathic macular holes—with special at- 
tention to the vitreous condition—to 
study their prognoses. 


PATIENTS AND METHODS 


We followed up 45 consecutive patients 
(45 eyes) with early-stage idiopathic macu- 
lar holes for a mean period of 32 months 
(range, 7 to 87 months). Patients (33 women 
and 12 men) were examined at Retina Asso- 
clates, Boston, Mass, a private, office-based 
practice, from 1982 to 1988, and ranged in 
age from 54 to 80 years (mean, 65 years). 
Sex and age distribution in our study were 
similar to those in pr eviously reported idio- 
pathic macular hole cases.” Initially, 13 
patients had an early-stage macular hole in 
one eye and a fully developed macular hole 
in the fellow eye. 
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Detailed medical histories were obtained. 
Complete eye examinations, including cor- 
rected visual acuity measurement using 
the Snellen chart, slit-lamp biomicroscopy, 
indirect ophthalmoscopy, and stereoscopic 
color fundus photography, were performed. 
We diagnosed early-stage macular hole 
based on the biomicroscopic findings, which 
showed a focal, mild deviation of the inner 
retinal surface instead of foveal depression, 
but no retinal defect (Fig 1, left). This 
macular status is consistent with that of 
stage I in the Gass classification.” Absence 
of central absolute scotoma and a mild 
decrease in visual acuity aided the di- 
agnosis. Thirty-two (94%) of 34 patients 
were examined initially within 6 months of 
the onset of symptoms such as central 
blurred or distorted vision. Eleven patients 
were asymptomatic. Fluorescein angiogra- 
phy was performed in 32 eyes at ini- 
tial examination. Twenty-nine eyes (91%) 
showed increased transmission of choroidal 
fluorescence within a capillary-free zone in 
the early transit phase without evidence of 
late staining, which corresponded to the 
early-stage hole. 


The vitreous condition was studied and 
documented photographically with the use 
of an aspherical, preset lens (El Bayadi- 
Kajiura lens, Nikon, Tokyo, Japan) with a 


slit lamp.’ We classified the vitreous con- 


dition into three groups based on the defini- 
tion of Gass” repr esenting the position of 
the vitreous cortex in relation to the macu- 
la: (1) posterior vitreous separation (separa- 
tion of the vitreous cortex from the retina 
including the macula) (Fig 2); (2) vitreo- 
foveal separation, defined biomicroscopic- 
ally as the detection of a small piece of 
translucent membrane (pseudo-operculum) 
just in front of the fovea (Fig 3); and (3) 
posterior vitreous attachment. Initial and 
follow-up vitreous examinations were per- 
formed on all eyes. 

Fishers Exact Test and Mann-Whitney 
U test were used for statistical analysis. A 
finding was considered statistically signifi- 
cant at P<.05. 


RESULTS 


At initial examination, 16 (86%) of 45 
eyes showed posterior vitreous separa- 
tion; 2 (4%), vitreofoveal separation; 
and 27 (60%), posterior vitreous at- 
tachment. Thus, 18 eyes (40%) had 
vitreous separation from the fovea ini- 
tially. During a mean follow-up of 32 


months, the macular lesion either was 


flattened markedly or disappeared 
(Fig 1, right) in 15 (88%) of the 18 
eyes, and none progressed to a fully 
developed macular hole (Table 1). 
Either posterior vitreous or vitreo- 
foveal separation developed in 10 
(37%) of 27 eyes, with initial posterior 
vitreous attachment during follow-up. 
None of these 10 progressed to a fully 
developed hole. Macular disease also 
improved in 8 eyes (Table 2). At the 
end of the study, 28 (62%) of 45 eyes 
had vitreous separation from the fo- 
vea. Macular disease improved in 23 
eyes (51%). Visual acuity improved by 
two or more lines from the initial acu- 
ity in 12 (52%) of these 28 eyes. 
Vitreous status was unchanged in 
the remaining 17 eyes with posterior 


Macular Hole Risk— Akiba et al 





la 








Fig 1.—Left, A 68-year-old woman with early-stage macular hole (arrow) in right eye (visual 


acuity, 20/70). Right, 12 months later, this resolved to reddish lesion (arrow) with 20/30 acuity 


after posterior vitreous separation. 





Fig 2.—Left, Posterior vitreous (A) (arrow- 
heads) is separated from retina (B) without 
vitreofoveal traction. Right, Posterior hyaloid 
membrane (A) (arrowheads) demonstrating 
focal, shallow separation from fovea (B) (ar- 
row). 


vitreous attachment during follow-up, 
while 10 eyes (59%) progressed to a 
fully developed macular hole (Table 2). 
The prevalence of macular hole devel- 
opment in eyes with posterior vitreous 
attachment was significantly higher 
than in eyes with vitreous separation 
from the fovea (P<.01). 

Of 13 fellow eyes of unilateral macu- 
lar hole cases, 8 showed posterior vit- 
reous attachment during follow-up, 
and 6 of these eyes progressed to a 
fully developed macular hole. There- 
fore, the risk of a fully developed mac- 
ular hole in the fellow eye group is 46% 
over an average of 32 months, whereas 
only 4 (13%) of 32 initially involved 
eyes progressed to a fully developed 
hole. Fellow eyes of unilateral macular 
hole cases were significantly more like- 
ly to progress to a fully developed 
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macular hole than initially involved 
eyes (P<.05). A Kaplan-Meier plot 
(Fig 4) shows the cumulative portion 
of eyes that progressed to a fully de- 
veloped macular hole in the fellow eyes 
group. 


COMMENT 


Our results showed that no eyes 
with early-stage macular hole with vit- 
reous separation from the fovea pro- 
gressed to a fully developed macular 
hole during follow-up. This finding is 
consistent with that of Trempe and 
associates,” who demonstrated that no 
fellow eyes of those with macular hole 
with posterior vitreous detachment de- 
veloped a macular hole. Since vitreofo- 
veal traction can be released by vitre- 
ous separation from the fovea, a risk of 
macular hole development in these 





į 
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Fig 3.—A triangular piece of translucent 
membrane (pseudo-operculum) suspended 
just in front of the fovea (arrow). 


cases probably no longer exists, and 
vitreous surgery may not be indicated. 
In our present study, 18 (40%) of 45 
eyes had vitreous separation from the 
fovea at initial examination. Further- 
more, 10 (37%) of 27 eyes with posteri- 
or vitreous attachment at initial ex- 
amination developed vitreous separa- 
tion from the fovea during follow-up. 
Therefore, spontaneous vitreous sepa- 
ration from the fovea and thus a de- 
crease in the risk of developing true 
macular hole can be expected in certain 
patients with early-stage macular hole. 

In 1988, Gass” reported for the first 
time the improvement of prehole con- 
ditions in patients with idiopathic mac- 
ular hole. Eight (44%) of 18 eyes in his 
study experienced spontaneous sepa- 
ration of the vitreous from the fovea, 
and these eyes usually showed im- 
provement of both visual acuity and 
biomicroscopic findings. Wiznia* re- 
ported three additional cases of early- 
stage macular holes that were re- 
versed by vitreous detachment. In our 
larger study, 28 (62%) of 45 eyes even- 
tually developed vitreous separation 
from the fovea, and the macular dis- 
ease improved in 23 (51%) of the 45 
eyes. The release of vitreofoveal trac- 
tion by spontaneous vitreous separa- 
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Vitreous 
Separation 


12 (80) 


Prognosis 
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*Mean follow-up was 32 months. 
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Fig 4.—A Kaplan-Meier plot showing cumu- 
lative percentage of eyes that progressed to 
fully developed macular holes in 13 fellow 
eyes of unilateral macular hole. Time was 
measured from the date of the initial examina- 
tion in each patient. 
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Table 1.—Prognoses of 18 Early-Stage Macular Holes With 
Vitreous Separation From the Fovea at Initial Examination* 


Initial Vitreous Condition, 
No. (%) of Eyes 
LS, 





Unchanged 3 (20) 0) 
Hole developed 0 0 












Vitreofoveal 
Separation 


3 (100) 







Prognosis 






Unchanged 





3 (100) 





Total 


Posterior 


Separation 


Improved 6 (80) 2 (67) O 


Table 2.—Prognoses of 27 Early-Stage Macular Holes With 
Posterior Vitreous Attachment at Initial Examination in Relation 
to Final Vitreous, Condition * 


Final Vitreous Condition, 
No. (%) of Eyes 


Posterior 
Vitreous 
Attachment 


Vitreofoveal 
Separation 


Vitreous 


1 (20) 1 (33) 7 (41) 


Hole developed 0 O 10 (59) 





7 (100) 3 (100) 17 (100) 


* Mean follow-up was 32 months. 


tion may contribute not only to elim- 
inating the risk of macular hole 
development but also to improving 
macular disease, an event that can be 
expected in nearly half of eyes with 
early-stage macular holes. Neverthe- 
less, 10 (87%) of 27 eyes with initial 
posterior vitreous attachment in our 
study progressed to a fully developed 
macular hole (22% of the 45 eyes in our 
study). Therefore, the chance of spon- 
taneous improvement may be greater 
than the risk of a fully developed mac- 
ular hole in eyes with early-stage mac- 
ular hole. 

We also found that an early-stage 
macular hole was more likely to devel- 
op into a true macular hole in fellow 
eyes of unilateral macular hole cases 
than in initially involved eyes. Since 
diagnosing early-stage macular hole is 
difficult, especially in initially involved 
eyes, we cannot eliminate the possibili- 
ty that the diagnosis of early-stage 
macular hole was made on firmer 
ground in the fellow eyes than in ini- 
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Extracranial Optic Nerve Decompression for 









~ @ We examined 14 patients with acute, 
unilateral optic nerve injury after blunt 
head trauma. in each patient the optic ca- 
nal was decompressed through an ipsilat- 
eral external ethmoidectomy. The patients 

- also received treatment with dexametha- 
‘sone during the perioperative period. 
There was no morbidity or mortality. 
Eleven of the 14 patients improved, inciud- 

_ ing 3 of the 5 who could not perceive light 
“preoperatively. Transethmoid-sphenoid 
anal. decompression is a safe and 
| treatment for indirect optic 
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TA ‘euite intracanicular optic nerve 
“~*~ compression isachallengingemer- 
gency. While tumors, mucoceles, gran- 
ulomas, and infection account for some 
cases, the majority result from so- 
called indirect mechanical trauma, a 
nonpenetrating injury in which the 
force of a blow to the face or head is 
transmitted to the nerve. There is a 
. considerable amount of literature on 
he management of indirect optic 
e injuries but experts remain in 
isagreement. Some advise medical 
-management with corticosteroids, and 
>- others favor surgical intervention by 
an intracranial or extracranial ap- 
proach. A randomized, prospective, 
` controlled study would be the best 
means of settling the controversy, but 









Accepted for publication April 3, 1990. 

From the Departments of Otology and Laryn- 
gology (Dr Joseph), Ophthalmology (Drs Lessell 
and Rizzo), and Radiology (Dr Momose), Harvard 
Medical School and Massachusetts Eye and Ear 
Infirmary; and Department of Radiology, Massa- 
chusetts General Hospital (Dr Momose), Boston. 
: Read before the annual meeting of the Triolog- 
eal Society, San Francisco, Calif, April 5, 1989. 
Reprint requests to Massachuestts Eye and Ear 
mary, 243 Charles St, Boston, MA 02114 (Dr 








Ophthaimol—Vol 108, August 1990 


] raumatic Optic Neuropathy 
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the relative rarity of the disorder and 
logistical problems would seem to pre- 
clude such a study. Therefore, a retro- 
spective analysis of a series of well- 
documented cases managed in differ- 
ent ways may prove to be the only 
feasible means of identifying the opti- 
mal regimen. 
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This is a review of such a series, rep- 
resenting the experience of one team 
(otolaryngologist, neuroradiologist, 
and two neuro-ophthalmologists) with 
extracranial decompression for indi- 
rect optic nerve injury. The technique 
will be described; clinical data bearing 
on the safety and efficacy of this pro- 
cedure will be presented. 


PATIENTS AND METHODS 
Patients 


The study series (Table) consists of all 14 
patients with indirect optic nerve trauma 
evaluated within 1 week of injury at the 
Massachusetts Eye and Ear Infirmary, Bos- 
ton, between April 1987 and October 1989. 
Patients who were comatose were excluded 
because their condition precluded preoper- 
ative tests of visual acuity, color sense, and 
visual field. The intervals between injury 
and surgery ranged from 1 to 5 days. 

Since all cases seen during that interval 
were unilateral, bilateral cases are not rep- 
resented in the series. Patients who also 
had local ocular lesions that might limit vi- 
sion (such as retinal detachment, traumatic 
maculopathies, or vitreous hemorrhage) 
and those with orbital penetration were ex- 
cluded. We conducted complete preopera- 
tive and neuro-ophthalmologic examina- 
tions on every patient. Radiologie exami- 
nations consisted of axial and coronal 
computed tomographic (CT) scans using 
soft-tissue and bone windows. All opera- 
tions were performed by one surgeon 
(M.P.J.) using the extracranial approach 
described below. 
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Surgical Technique 


















































The optic nerve was approached through ~ 
an ipsilateral external ethmoidectomy. Fol- 
lowing induction of general anesthesia, a 
pharyngeal pack was placed and 0.05%. 
oxymetazoline hydrochloride was sprayed 
into the nasal airway. The eye was pro- 
tected with a scleral shell; cutaneous vaso- 
constriction was achieved by aninjectionof 
1% lidocaine with epinephrine (1:100000). — 
Surgical loupes and a fiberoptic headlight 
were worn during the initial stages of the _ 
operation. 

After the skin was incised and the nasal 
bone was opened, the ethmoid sinus was 
exenterated, the middle turbinate was re- 
moved, and the sphenoid ostium was iden- 
tified. The operating microscope (with a. 
275-mm lens) was used during the remain- 
der of the operaion. The lamina papyracea 
was removed in an anterior-to-posterior 
direction to identify the optic foramen. An- 
teriorly, the bone was removed easily by 
fracturing it medially. 

More posteriorly, a microdrill with a 
small cutting burr was used to thin the me- 
dial wall of the optic foramen and the optic 
canal. The thin shell of bone was then lifted 
from the optic nerve with a thin spatula or 
microcurette; long instruments with angled 
handles are essential. The optic nerve was 
identified at the optic foramen and then de- 
compressed posteriorly. The bone over the 
optic nerve in the lateral wall of the sphe- 
noid is quite thin. 

After the bone of the optic canal was re- 
moved, the periorbit was incised beginning 
5 mm anterior to the optic foramen. A mi- 
eroscissors was used to open the fibrous tis- ~ 
sue more posteriorly. Spinal fluid leak was. 
not created and the sphenoid was not filled 
with fat. The ethmoidectomy incision was. 
closed in two layers. No packings, drains, or. 
pressure dressings were used. _ a 

The operating room time was usually 1 to = 
2 hours and blood loss was 100 to 200 mL. 
The patients were ambulatory the sameday — 
or the next morning. Patients received — 
treatment with 8 to 10 mg of dexametha- — 
sone intravenously when they presented — 











Age, 
Patient y Sex Trauma 
1 50 M Subway accident 
2 14 M Bicycle fall 
3 13 M Bicycle fall 
4 27 F Automobile accident 
5 35 M Fall from truck 
6 21 M Fall from truck 
T 49 M Fight 
8 41 M Fall 
9 70 F Fall 
10 31 M Assaulted 
11 18 M Automobile accident 
12 74 M Assaulted 
13 16 M Bicycle fall 
14 23 M Struck by shovel 
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Visual Acuity 
Interval Until 
Operation Preoperatively Postoperatively 
4d 20/40 OD 20/30 OD 
60h 5/200 OS 20/60 OS 
24h CF 1 ft OS 20/70 OS 
24h NLP OS 20/20 OS 
60 h NLP OS 20/50 OS 
24 h NLP OD NLP OD 
40 h NLP OS NLP OS 
36 h NLP OD CF 0:5 ft OS 
4d 3/200 OD 20/200 OD 
5d LP OD 20/50 OD 
20 h HM OS 20/400 OS 
5d 20/200 OD 20/200 OD 
24h CF 8 ft OS 20/80 OS 
36 h 12/200 OD 16/10 OD 






*CF indicates counting fingers; NLP, no light perception; and HM, hand motion. 


and again during surgery. Steroid treat- 
ment was discontinued after 1 or 2 days. 


RESULTS 


There were no intraoperative or 
postoperative complications; most pa- 
tients were ambulatory the day after 
surgery. The Table presents the visual 
outcome in the 14 patients. The follow- 
ing case history is illustrative. 


REPORT OF A CASE 


A 3l-year-old man (Table, patient 10) 
was beaten about the face and head with a 
lead pipe. He was briefly unconscious and 
was taken to a local hospital where facial 
and scalp lacerations were repaired; there 
were no neurologic deficits. An eye exami- 
nation was not performed because of the 
massive lid edema. Skull films and CT im- 
ages showed right orbital fractures; he was 
admitted for observation. When the eyelid 
edema subsided 3 days later, he realized 
that vision in his right eye was profoundly 
impaired. After 2 more days of observation 
with no change in vision, he was transferred 
to the Massachusetts Eye and Ear Infir- 
mary. 

He was alert, oriented, and cooperative. 
Significant findings were limited to the 
right eye, which could only perceive light. 
There was a right relative afferent-pupil- 
lary response and a subconjunctival hem- 
orrhage. His left eye had a visual acuity of 
20/13, normal color vision, and a full visual 
field. There was no exophthalmos and both 
eyes had full extraocular motility and nor- 
mal fundi. 

Within hours of his transfer, a transeth- 
moid-sphenoid decompression was per- 
formed. He received 10 mg of dexametha- 
sone when he arrived, 12 mg during the 
procedure, 8 mg before he left the recovery 
room, and 16 mg (in two doses) on the first 
postoperative day. 

Ten hours after surgery, he could read 
newspaper headlines with his right eye; 24 
hours later, he was ambulating and free of 
discomfort. Visual acuity had improved to 
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20/200 OD. He was discharged on the third 
postoperative day. 

He returned 12 days after the surgery for 
examination. Visual acuity in the right eye 
was 20/50 and there was an inferior altitu- 
dinal visual field defect. Color vision was 
profoundly impaired and a pupillary defect 
was still demonstrable. His findings re- 
mained unchanged thereafter, except that 
optic atrophy was evident at 5 weeks. 


COMMENT 


The most frequently used extracra- 
nial approach to the optic canal is 
through an ipsilateral external eth- 
moidectomy. The possibility of open- 
ing the optic foramen through an ipsi- 
lateral external ethmoidectomy was 
suggested by Sewell’ in 1926, but he did 
not report using this technique. In 
1961, Niho et al’? reported decompres- 
sion of the optic canal through an ipsi- 
lateral external ethmoidectomy. They 
performed the operation with local 
anesthesia and if there was not imme- 
diate improvement, they proceeded to 
a craniotomy. 

Other extracranial approaches were 
also possible. In 1976, Kennerdell et al? 
reported one case decompressed via a 
transantral ethmoidectomy. Soffer- 
man‘ suggested a sublabial approach 
and reported its use in two cases. In 
1986, Call’ reported using a transor- 
bital approach. This approach is likely 
to provide limited exposure and to re- 
quire significant manipulation of the 
orbital contents, but it can be per- 
formed by an ophthalmologist with 
experience in orbital surgery. Taka- 
hashi et alt have reported using an in- 
tranasal microscopic technique in five 
cases. 

Brihaye’ noted that the extracranial 
decompression seemed more effective 
than decompression by craniotomy. 
Niho et al,* who performed both types 
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of decompression themselves, thought 
that the extracranial approach re- 
sulted in a better decompression of the 
canal. There may also be benefits from 
the orbital decompression that results 
if the lamina papyracea is removed 
during the external ethmoid approach. 
In some cases of traumatic visual loss, 
patients have recovered after decom- 
pression of the orbit alone.” It is 
likely that the decompression of the 
orbit contributes to recovery when 
there is proptosis from orbital hemor- 
rhage and edema. The opening of the 
ethmoid and the sphenoid sinuses may 
also be beneficial when there is blood in 
these sinuses. 

Meyer et al” describe a patient with 
traumatic blindness whose vision im- 
proved after the spontaneous drainage 
of a sphenoid hematoma. Habal et al’ 
compared various techniques and 
demonstrated that the extracranial 
approach allows adequate decompres- 
sion. They also noted that the anterior 
foramen of the optic canal (which is 
easily accessible through the sinuses) 
is the narrowest portion of the canal. 

Transethmoid-sphenoid decompres- 
sion of the optic nerve can be mastered 
by otolaryngologists with expertise in 
sinus surgery. Since there is an ur- 
gency in patients with optic nerve in- 
jury, the surgeon must be prepared in 
advance and must be thoroughly fa- 
miliar with the anatomy. Excellent 
demonstrations of the anatomy are 
available.'!>° 

Radiographic evaluation by axial 
and coronal CT scanning is essential 
since there is great variability in nor- 
mal sinus anatomy; CT images can also 
provide information about fractures. 
Some fractures are obvious, but if none 
are evident, and there is sinus opacifi- 
cation, one can expect to encounter 
fractures. Even without obvious frac- 
tures or sinus opacification, the sur- 
geon must proceed cautiously, since 
fractures may, nevertheless, be pre- 
sent. In our experience, hypocycloidal 
polytomography has sometimes dem- 
onstrated fractures that were not seen 
with careful CT scanning. 

If the radiographic studies suggest 
massive comminution of the bone of 
the optic canal, one might suppose that 
the optic nerve has been decompressed 
by the injury. Even in this circum- 
stance, however, it seems wise to de- 
compress the nerve by removing the 
bone fragments and evacuating the 
sinuses." 

Traumatic optic neuropathy can oc- 
cur even in the absence of fracture.” 
Gross et al” used holography to dem- 
onstrate that frontal loading focuses 
stress in the roof of the orbit just an- 
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<- terior to the optic foramen. Purvin” 
__. described a patient who suffered indi- 
‘rect optic neuropathy after he gently 
-rested a heavy weight on his brow. 
The treatment of those patients who 
have immediate loss of vision is par- 
ticularly controversial. Matsuzaki et 
al,“ echoing Walsh,” said that one 
could never expect recovery in these 
patients. But others” found improve- 
ment possible with surgery and ad- 
vised surgery within 24 hours or ear- 
lier if possible. Five of our patients had 
immediate complete loss of light per- 
ception; two recovered useful vision 
-and one can count fingers at 0.5 ft. 
-While in patients with no light per- 
eption the optic nerve may be divided, 
_ it is also possible, and perhaps likely, 
that many axons are undivided but are 
“not conducting because of compression 
-and ischemia. Radius and Anderson” 
reported that at least some optic nerve 
axons can survive total ischemia for 2 
hours; lesser degrees of vascular com- 
promise might be tolerated longer. 
Therefore, if surgery is to be done, it 
seems wise that it be done as soon as 
possible, since it is likely that more 
axons will recover function. 
Our study is an uncontrolled series, 
| but the results can be compared with 
he experience reported by one of us 
32 Improvement occurred in only 
25 untreated patients and in 1 of 4 
en only steroids. In 5 patients (six 
eyes) there was immediate loss of light 
<<- perception. None were treated and 2 
= recovered some vision. Keane” re- 
- ported that none of the 18 optic nerve 
injuries from motorcycle and moped 
accidents during 18 years improved. 
A complete evaluation of the various 
treatments of traumatic optic neurop- 
athy would require comparison among 
four groups: one receiving no treat- 
ment, one receiving steroids only, one 
having surgery performed, and one 
having surgery performed and receiv- 
ng steroids. Different possible surgi- 
cal approaches would add further com- 
- plexity. Since it is unlikely that such a 
-study could be completed, decisions 
--- will have to be made on the basis of 
case series such as those reported 
herein. In our experience with surgery 
and perioperative dexamethasone, 
there was improvement of vision in 10 
of the 14 patients. One man remained 
with 20/200 visual acuity and 2 pa- 
tients who had no light perception did 
not recover. One who did recover (Ta- 
ble, patient 8) has minimal vision but 
the others who recovered gained useful 
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vision. Two patients who had no light 
perception from the time of injury 
gained useful vision. In the patient de- 
scribed in detail, profound loss of vi- 
sion, stable for several days, improved 
immediately after surgical decompres- 
sion was performed and perioperative 
dexamethasone was given. No patient 
suffered any further loss of vision after 
coming to see us. 

On the basis of this experience, we 
have established a protocol for the ex- 
amination of patients with indirect 
optic nerve injury. If there is no con- 
traindication, they are given dexa- 
methasone intravenously while the ex- 
aminations are conducted. Each has a 
complete neuro-ophthalmologic evalu- 
ation and CT scanning. Surgical de- 
compression is offered when there is no 
contraindication to general anesthe- 
sia, and if there is no injury to the 
globe that makes evaluation of vision 
unreliable or recovery of useful vision 
unlikely. If more than 7 days have 
passed since the injury, especially in 
patients with immediate and complete 
loss of vision, surgery is usually not 
recommended. The planning for the 
operation is begun when the patient 
arrives so that the surgery can be done 
expeditiously if the patient chooses to 
proceed. 

We have treated 14 patients with in- 
direct traumatic optic neuropathy 
with transethmoid-sphenoid decom- 
pression of the optic canal and periop- 
erative steroids. The excellent visual 
results indicate the benefit of surgical 
decompression of the optic canal and 
argue for aggressive surgical manage- 
ment of these injuries. 
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“Ocular and Associated Systemic Findings 
in Suspected Child Abuse 


A Necropsy Study 


Susan G. Elner, MD; Vietor M. Elner, MD, PhD; Michael Arnall, MD; Daniel M. Albert, MD 


@ We reviewed complete ocular and 
systemic necropsy findings of 10 consec- 
utive children who died of suspected child 
abuse. All 10 children had evidence at 
necropsy of blunt head trauma, although 
external signs of blunt trauma occasion- 
ally were covert. Ocular injuries were ob- 
served in 7 of the 10 cases and when 
present always included retinal, vitreous, 
and subdural optic nerve hemorrhages. in 
5 cases, intrascleral hemorrhage from the 
circle of Zinn occurred at the sclera—optic 
nerve junction. in 4 cases, traumatic retin- 
oschisis or tractional retinal folds were 
present. Anterior segment findings were 
uniformly consistent with blunt trauma. 
Hemosiderin, indicating old hemorrhage, 
was present in 3 cases. Intracranial hem- 
orrhage, present in all cases with abnor- 
mal ocular findings, was always accompa- 
nied by signs of direct head trauma, such 
as subgaleal hemorrhage, skull fracture, 
cerebral contusion, or external contu- 
- gions, which were sometimes subtie or 
hidden beneath the hair. 
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Phy sical child abuse frequently re- 

sults in significant morbidity and 
death for its victims.'* Child abuse and 
its numerous physical manifestations 
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have been reported with increased fre- 
quency. Ocular injuries due to physical 
child abuse, particularly retinal hem- 
orrhages, occur often. The recent 
ophthalmic literature stresses the 
shaken baby syndrome’ and its con- 
stellation of ocular, systemic, and com- 
puted tomographic (CT) findings. In 
contrast to whiplash shaking, recent 
reports from Japan” and the United 
States!’ indicate that blunt trauma is 
commonly associated with child abuse. 
To assess the pathogenesis of ocular 
injury and death associated with al- 
leged child abuse, we reviewed the oc- 
ular and systemic necropsy findings of 
10 consecutive children who died of 
suspected child abuse. All 10 children 
had evidence of blunt trauma at 
necropsy, but the signs of clinically 
observable blunt trauma occasionally 
were covert. Pathologic ocular find- 
ings were present in 7 of the 10 chil- 
dren. In this report, we present the 
postmortem ocular and systemic find- 
ings of these 7 cases. 


MATERIALS AND METHODS 


Complete autopsies, including ocular ex- 
amination, were performed in 10 consecu- 
tive cases of suspected child abuse. Both 
eyes of all 10 patients were examined 
grossly and histopathologically, Gross 
pathologic examination with selective his- 
topathologie correlation was performed on 
nonocular tissues. Hematoxylin-eosin, pe- 
riodic acid-Schiff, and Perls’ iron stains 
were performed in all cases. 

Ocular pathologie findings were catego- 
rized as involving the anterior segment (Fig 
1), retina and vitreous (Figs 2 and 3), and 
optic nerve (Fig 4). Particular attention was 
paid to gross pathologic findings of head 
injuries (Fig 5), including subdural he- 
matoma (Fig 6), and histepathologic intra- 
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cranial findings (Fig 7). Other pathologic 
findings consistent with physical child 
abuse were also sought. 


REPORT OF CASES 


Case 1.--A 17-month-old boy was 
brought to the hospital “comatose and 
shaking after a fall from a high chair.” 


Head CT showed multiple hemorrhagic Y 


contusions of the left frontal lobe and mas- 
sive left hemispheric edema. Autopsy re- 
vealed small contusions of the back and 
scalp, a small left temporal abrasion, and a 
dermatographic handprint at the left 
cestophrenic margin. Widening of skull su- 
tures, subgaleal hemorrhage, subdural he- 
matoma, and a hemorrhagic contusion of 
the left frontal lobe (Fig 5, bottom right) 
were also noted. In addition to fresh subdu- 
ral hemorrhage, Perls’ iron stain revealed 
deposits of hemosiderin at the dura mater- 
hematoma interface (Fig 7, bottom). Ocular 
examination revealed posterior subcapsu- 
lar cataract, subhyaloid and intraretinal 
hemorrhages (Fig 2, top), and peripheral 
chorioretinal adhesions. The optic nerves 
showed papilledema as well as dise and 
subdural hemorrhages. Intrascleral hem- 
orrhage at the sclera-optic nerve junction 
extended from the circle of Zinn to the sub- 
dural hemorrhage. Perls’ iron stain dem- 
onstrated hemosiderin in the sensory ret- 
ina (Fig 3, left) and at the sclera—optic nerve 
junction, where fresh hemorrhage was also 
present. 

Cask 2.—A 4-year-old girl was hospital- 
ized in a coma with agonal respirations. A 
brain flow scan was normal but CT revealed 
subarachnoid hemorrhage and cerebral 
edema but no subdural hemorrhage. Au- 
topsy demonstrated subarachnoid and sub- 
dural hemorrhages with extensive cerebral 
edema. Multiple contusions of the back, up- 
per and lower extremities, labia minora, 
tongue, and head, including the ear, brow, 
cheek, upper lip, and periorbital regions, 
were noted. The lip mucosa contained teeth 
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Fig 1.—Anterior segment pathologic findings. Top, Vossius’ ring (arrow). 
Bottom, Vossius’ ring with iris pigment epithelium (arrow) adherent to the 
lens capsule. The lens epithelium beneath the pigment is edematous 
(hematoxylin-eosin, original magnification X32). 

Ba ad 


Fig 2.—Retinal pathologic findings. Top, Severe intraretinal (arrow) and 
subretinal (asterisk) hemorrhages as well as full-thickness hemorrhagic 
retinal necrosis are seen (hematoxylin-eosin, original magnification 
X32). Center, The edge of a large schisis cavity is seen within the mac- 
ula. The inner retinal layer (arrows) has been torn from the remaining 
outer retina. Hemorrhage lines the schisis cavity and is found in the ret- 
ina, vitreous, and subretinal space (hematoxylin-eosin, original magni- 
fication X 13). Bottom, A tractional retinal fold of temporal macula also 

A is noted clinically. The inner limiting membrane has been torn from the 
fold (arrow) and surrounding retina, which shows full-thickness hemor- 
rhagic necrosis (asterisk) (hematoxylin-eosin, original magnification, 
x8). 
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Fig 3.—Retinal findings indicative of 
old injury. Left, Gliotic nerve fiber 
layer contains hemosiderin (blue) 
following resorption of hemorrhage 
(Perls’ iron stain, original magnifica- 
tion X79). Right, Resolving subsen- 
sory retinal hemorrhage contains 
macrophages (straight arrows) en- 
gulfing debris from lysed erythro- 
cytes. Fresh preretinal hemorrhage 
and hemosiderin (curved arrow) in 
the choroid indicate injuries of dif- 
ferent ages (hematoxylin-eosin, 
original magnification, X79). 
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Fig 5.—Gross pathologic features of head injury. Head injuries, except subdural hematoma, usually indicate direct trauma. 
Top left, Multiple skin and soft-tissue contusions (arrows) are evident on the forehead and over the zygoma. A parieto-oc- 
cipital subdural hematoma, not found by computed tomography prior to death, was present. Top center, Subgaleal hemor- 
rhage (arrows), superficial to the skull, occurs from hair pulling or direct blows. Top right, Skin contusions (arrows) from direct 
trauma are frequently small, inconspicuous, and hidden under the hair but may be the only external signs of severe intrac- 
ranial injury. Bottom left, A linear parietal fracture (arrow) due to direct trauma is shown. The unfused skull sutures are spread 
by a hypoxic, edematous brain. Bottom right, A cerebral contusion, intraparenchymal hemorrhage, and surrounding edema 
are seen. Multiple hemorrhagic contusions (arrows) are present just beneath the cortical surface. 


imprints. Subgaleal and bilateral tempora- 
lis muscle hemorrhages were found. Post- 
mortem ocular findings included angle re- 
cession and early posterior subcapsular 
cataract. The posterior segment showed 
vitreous hemorrhage, extensive intrareti- 
nal hemorrhages, retinoschisis, and serous 
retinal detachment. The optic nerves 
showed papilledema, disc hemorrhages, fo- 
cal infarction, and subdural hemorrhage 
(Fig 4, top center). Hemorrhage was also 
found in extraocular muscles and orbital 
tissues surrounding the optic nerves. 

Case 3.—A 5-month-old infant boy was 
found dead in his crib. Autopsy revealed 
small abrasions on the scalp and nose, 
severe diaper rash, a torn frenulum, sub- 
galeal (Fig 5, top center) and subdural 
hemorrhages, and cerebral edema. No brain 
lacerations were found. Epidural and sub- 
dural hemorrhages surrounded the spinal 
cord. Ocular examination revealed vitreous, 
intraretinal, and subretinal hemorrhages 
as well as subdural, subarachnoid, and pial 
optic nerve hemorrhages. Intrascleral hem- 
orrhage surrounded the optic nerve. Exten- 
sive necrosis of the retinal nerve fiber layer 
and focal optic nerve infarcts were also 
found. 
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Case 4.—A 7-month-old infant boy “fell 
from a changing table.” A CT scan demon- 
strated subdural hematoma, and he was 
deemed brain dead. Premortem fundus ex- 
amination showed extensive retinal hem- 
orrhage, papilledema, and a crescentic ret- 
inal fold temporal to the macula (Fig 2, 
bottom). Autopsy revealed no external 
signs of injury, but roentgenograms dem- 
onstrated a vertebral compression fracture 
at T-8 and a linear fracture of the parietal 
bone (Fig 5, bottom left). Subgaleal, subdu- 
ral, and subarachnoid hemorrhages, cere- 
bral contusion and edema, and widened 
skull sutures were present (Fig 5, bottom 
left). A mesenteric hemorrhage was also 
found. Ocular examination demonstrated 
Vossius’ ring (Fig 1); vitreous, intraretinal, 
and subretinal hemorrhages; retinoschisis; 
retinal edema; bilateral perimacular reti- 
nal folds (Fig 2, bottom); and subdural and 
subarachnoid optic nerve hemorrhages. 

Case 5.—A 7-month-old infant girl was 
hospitalized with mental status changes 1 
week after “falling down.” Ocular exami- 
nation revealed a choroidal tear; retinal 
edema; and vitreous, preretinal, intrareti- 
nal, and subretinal hemorrhages. Head CT 
prior to death revealed subarachnoid hem- 


orrhage and cerebral edema but no subdu- 
ral hematoma. Postmortem examination 
demonstrated multiple contusions on the 
forehead, occiput (Fig 5, top right), cheek, 
chest, abdomen, and right temporal region. 
Subgaleal, subdural, and subarachnoid 
hemorrhages were present, as were cere- 
bral edema, widened skull sutures, and me- 
senteric hemorrhage. Histopathologic ocu- 
lar examination revealed extensive in- 
traretinal, subretinal, and vitreous 
hemorrhages. Perimacular retinal folds 
and retinoschisis (Fig 2, center) were also 
present. Subdural and subarachnoid optic 
nerve hemorrhages were associated with 
bilateral intrascleral hemorrhages sur- 
rounding the optic nerve (Fig 4, bottom 
center). 

CasE 6.—A 12-month-old girl found un- 
responsive at home had been admitted to 
the hospital 9 days previously for burns 
from suspected child abuse. Premortem 
funduscopy showed retinal hemorrhages 
and papilledema bilaterally. The vitreous 
was torn from the right macula with sub- 
hyaloid hemorrhage. A CT scan showed no 
evidence of intracranial hemorrhage (Fig 6, 
center and right). Postmortem examination 
demonstrated burns, contusions, and abra- 
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Fig 6.—Necropsy findings of subdural hematoma were absent on a premortem computed tomographic scan. Left, A large 
subdural hematoma (arrow) is seen over the left parieto-occipital convexity of the brain. Center, A parieto-occipital hematoma 
is not visible on a computed tomographic scan of the patient shown at left. Right, A computed tomographic cut inferior to that 
seen in center. No subdural hemorrhage, midline shift, or ventricular abnormalities are visible. 


sions of the temporal region (Fig 5, bottom 
left), forehead, nose, occiput, arm, and 
thigh. One heel was ulcerated and a blister 
was present on the other foot. Subgaleal 
and subdural hemorrhages (Fig 6, left) and 
cerebral edema were noted. Histopatho- 
logic ocular examination revealed posterior 
subcapsular cataract, vitreous hemorrhage, 
acute and organizing retinal hemorrhages 
(Fig 3, right), perimacular retinal folds, and 
retinoschisis. The optic nerves showed focal 
infarcts, intrascleral hemorrhage from the 
circle of Zinn, acute and organizing subdu- 
ral and subarachnoid hemorrhages, and 
organizing hemorrhage surrounding the 
optic nerve and extending into orbital tis- 
sue (Fig 4, top left and bottom left). Perls’ 
iron stain demonstrated hemosiderin in the 
sensory retina and in tissues surrounding 
the optic nerve, including sclera, dural 
sheath, and orbital tissue (Fig 4, bottom 
right). 

CasE 7.—An unresponsive 4-month-old 
infant boy brought to the hospital was 
deemed brain dead. Several days earlier, 
during hospitalization for aspiration pneu- 
monia, facial bruises were noted. A premor- 
tem CT scan demonstrated a subdural he- 
matoma and cerebral edema. Ophthalmo- 
logic examination demonstrated bilateral 
retinal hemorrhages. Postmortem exami- 
nation revealed multiple contusions of the 
forehead, temporal region, back, and but- 
tocks. Gross findings included a subdural 
hematoma and cerebral edema (Fig 7, top), 
acute bronchopneumonia, and pulmonary 
edema but no brain lacerations. Histo- 
pathologic ocular examination revealed vit- 
reous, subhyaloid, and intraretinal hemor- 
rhages; multifocal perimacular retinoschi- 
sis; and intraneural, subarachnoid, and 
subdural optic nerve hemorrhages (Fig 4, 
top right). Perls’ iron stain demonstrated 
hemosiderin in brain and ocular tissue. 


RESULTS 


Ocular injuries were present in 7 of 
10. thildren who died of alleged child 
abuse (Table). In all 7 cases, eyes con- 






Vitreous hemorrhage 
Subdural optic nerve hemorrhage 
Intraneural optic nerve hemorrhage 
Intrascleral peripapillary hemorrhage 





Retinoschisis 
Hemosiderin deposition 


Subarachnoid hemorrhage 

Subgaleal hemorrhage 

External, visible head contusions 

Skull fracture 

Mesenteric hemorrhage 

*Plus sign indicates present; minus sign, absent. 


tained vitreous hemorrhage, subdural 
optic nerve hemorrhage (Fig 4), and 
recent retinal hemorrhage (Figs 2 
through 4). Hemorrhagic retinosehisis 
(Fig 2) and retinal folds temporal to 
the macula (Fig 2) were present in 4 
and 3 cases, respectively. One eye ex- 
hibited a choroidal rupture. Intra- 
parenchymal optic nerve hemorrhage 
(Fig 4) was present in 4 of 7 cases, and 
intrascleral hemorrhage from the cir- 
cle of Zinn at the sclera-optie nerve 
junction (Fig 4) was found in 5 of 7 
cases. Four cases demonstrated ante- 
rior segment injuries due to blunt 
trauma, including cataract, Vossius’ 
ring (Fig 1), or angle recession. In 3 
cases, hemosiderin indicating old hem- 
orrhage was found in the retina (Fig 3), 
optic nerve sheaths, or perineural or- 
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Presence on premortem computed tomographic scan 
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bital tissues (Fig 4), or around blood 
vessels in the sclera surrounding the 
optic nerve (Fig 4). 

Autopsy revealed that all seven pa- 
tients with eye injuries died of head 
trauma (Table). Subdural hematoma 
(Figs 6 and 7) and subarachnoid hem- 
orrhage were found at autopsy in six 
and three cases, respectively. In one 
case of purported acute head injury, 
the subdural hematoma stained posi- 
tively for hemosiderin at autopsy, in- 
dicating old hemorrhage (Fig 7). Sub- 
galeal hemorrhage (Fig 5), resulting 
from hair pulling or blunt trauma, was 
present in six of the seven cases. Head 
contusions (Fig 5) were a common ex- 
ternal sign of blunt head trauma but 
were sometimes subtle or hidden be- 
neath the hair (Fig 5). A skull fracture 
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(Fig 5) was present in one case in which 
no external signs of blunt trauma were 
seen. Additional evidence of trauma 
included mesenteric hemorrhage in 
two children and a dermatographic 
handprint in another. 

Head CT was performed prior to 
death in six of our seven cases (Table). 
In three cases, the subdural hematoma 
could not be detected on a CT scan, but 
autopsy revealed a significant subdu- 
ral hematoma. Retinal hemorrhages, 
however, were consistently found in all 
cases that demonstrated postmortem 
subdural hematoma. 


COMMENT 


Head trauma is the leading cause of 
death in alleged child abuse*® and is 
frequently accompanied by oph- 
thalmic manifestations. Children 
younger than 2 years are particularly 
prone to the head and neck injuries 
that result from child abuse.’ Our find- 
ings confirm these observations (Ta- 
ble). Nine of the 10 consecutive alleged 
child abuse victims we examined were 
younger than 2 years and 7 were 1 year 
or younger. All 7 fatally abused chil- 
dren with ocular injuries were found to 
have postmortem evidence of direct 
head trauma. 

Anterior segment injuries in child 
abuse are usually the result of direct 
eye trauma? and commonly include 
hyphema, subconjunctival hemor- 
rhage, cataract, lens subluxation, and 
glaucoma with corneal opacification.‘ 
Cataract was the most common ante- 
rior segment injury in our cases. The 
angle recession and Vossius’ ring (Fig 
1) in our cases also indicate direct 
trauma. 

Posterior segment hemorrhage oc- 
curs in 34% to 80% of children who 
suffer abuse.'*’ We found retinal hem- 
orrhages in 7 of the 10 allegedly fatally 
abused children and in all 7 children 
who exhibited ocular injury. The hem- 
orrhages were most frequently seen in 
the posterior fundus. Injury was often 
so severe that hemorrhagic inner or 
full-thickness retinal necrosis was ev- 
ident (Fig 2). Recent clinical studies of 
abused children have also stressed 
characteristic ophthalmoscopic fea- 
tures, including hemorrhagic retino- 
schisis’ and perimacular_ retinal 
folds.'° In 4 of our cases, massive in- 
traretinal hemorrhage dissected the 
internal limiting membrane or ne- 
erotic nerve fiber layer, producing 
varying degrees of retinoschisis (Fig 
2). Perimacular folds (Fig 2) were also 
noted in 3 cases, each of which had 
clinical evidence of severe retinal 
trauma with either macular schisis, 
traumatic vitreous separation from 
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the macula, or full-thickness macular 
hemorrhage and a choroidal tear. The 
folded retina was hemorrhagic and of- 
ten necrotic, with either taut vitreous 
fibrils emanating from the crest of the 
fold or the inner retinal layers torn 
from the retinal surface. The histo- 
pathologic appearances of the retinal 
hemorrhages, folds, and schisis in our 
cases were strikingly similar to those 
reported by Cox in experimental 
blunt, nonperforating eye trauma. 
Retinal injuries, including retinal 
detachment,*!* may result in retinal 
vascular attenuation and gliosis," 
macular scarring and cysts,’’ chorio- 
retinal atrophy, and optic nerve 
atrophy,’ all of which may cause pro- 
found visual loss in abused children. 
The pathogenesis of retinal and vit- 
reous hemorrhage in abused children 
has been attributed to (1) acute intra- 
cranial hypertension following cere- 
bral injury, resulting in retinal venous 
hypertension”; (2) venous transmis- 
sion to the brain and eyes (Purtscher’s 
retinopathy) of acute intrathoracic or 
intra-abdominal forces during com- 
pressive injury," particularly in cases 
of sexual abuse”; and (3) direct head 
trauma.’ The full-thickness hemor- 
rhagic retinal necrosis in five of the 
seven patients with ocular injuries, 
and hemorrhagic retinoschisis and 
perimacular retinal folds in four of 
these seven patients, suggest that se- 
vere anteroposterior acceleration-de- 
celeration forces as proposed by 
Greenwald et al’ directly produce ret- 
inal injuries in abused children who 
die of blunt head injury. That such 
trauma may be repeated is indicated 
by positive stains for hemosiderin in 
three cases. Blunt head trauma, seen in 
all of our patients with ocular injuries, 
may be necessary to produce signifi- 
cant vitreoretinal traction, resulting 
in the constellation of severe retinal 
injuries seen in these children. 
Subdural optic nerve hemorrhages 
(Fig 4), present in all seven fatal cases 
of patients with eye injury, are not 
thought to be extensions of intracra- 
nial, subdural, or subarachnoid hem- 
orrhages, or to result from transmis- 
sion of increased intracranial venous 
pressure. Rather, they are caused by 
local rupture of dural-pial bridging 
vessels.”°! Subdural hemorrhages may 
result from severe intracranial hyper- 
tension, which is transmitted to the 
optic nerve subarachnoid space and 
causes increased pressure within and 
subsequent hydrostatic rupture of op- 
tic nerve dural-pial vessels.” Direct 
trauma to the optic nerve during ac- 
celeration-deceleration or blunt head 
injury may also result in hemorrhage 


Fig 7.—Intracranial histopathologic findings 
that reflect initial injuries with superimposed 
cerebral hypoxia and edema. Top, Subdural 
hemorrhage may result from shearing of bridg- 
ing vessels (curved arrow), cerebral contu- 
sions, or lacerations. The hypoxic, edematous 
cerebral tissue shows diffuse pallor; pericellu- 
lar and perivascular microcavitation (straight 
arrows); and pyknotic, eosinophilic neurons 
(hematoxylin-eosin, original magnification 
X32). Bottom, Dura mater with underlying he- 
matoma is seen. Fresh hemorrhage and he- 
mosiderin at the dural-hematoma interface 
(arrows) indicate repeated hemorrhage (he- 
matoxylin-eosin, original magnification X79). 
Iron staining of an adjacent histopathologic 
section showed intense positivity for hemo- 
siderin. 
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from shearing, compressive, or contu- 


sive forces transmitted to the optic 


nerve vessels.” Both the indirect and 
direct mechanisms that cause optic 
nerve hemorrhage may disrupt the 
principal blood supply of the anterior 


optic nerve, namely, the posterior cil- 
_ijary arteries and pial arterioles, caus- 
ing optic nerve infarcts and intra- 
- parenchymal hemorrhages seen in 
three and four of our cases, respec- 


tively. Severe damage to the posterior 


= ciliary arteries in alleged child abuse is 


underscored by the fact that intra- 
scleral, perineural hemorrhages from 
the circle of Zinn were found in five of 
our seven cases (Fig 4). These hemor- 
rhages result from tearing of the nu- 
trient vessels, presumably by tether- 
ing of the eye at the sclera-optic nerve 
junction during severe acceleration- 
deceleration forces at the time of head 
injury. To our knowledge, these intra- 
scleral hemorrhages have not been re- 
ported and may be characteristic, if 
not pathognomonic, of eye injury due 
to alleged child abuse. Optic nerve 
atrophy may be the eventual result of 
optic nerve infarction, papilledema, 
parenchymal hemorrhage, rupture of 
the short ciliary or other nutrient ves- 
sels, and the severe inner retinal dam- 
age noted in our cases. 

Cases of abused children with in- 
traocular and intracranial hemor- 
rhage are currently categorized as fol- 
lows: (1) obvious head injury with 
soft-tissue injury or fractures; (2) no 
visible head injuries, but injuries else- 
where; or (3) no visible injuries 
anywhere.” The latter group corre- 
sponds to the whiplash shaken baby 
syndrome, in which there are retinal, 
cerebrovascular, and skeletal lesions 
but no external signs of trauma.“ In 
the shaken baby syndrome, intracra- 
nial hemorrhage is thought to result 
from shearing of bridging cerebral 
veins; cerebral contusions due to the 
impact of the brain on the skull; and 
shearing forces within the unmyeli- 
nated brain, causing lacerations, hem- 
orrhage, and edema.*** Acceleration- 
deceleration forces may also cause 
metaphyseal avulsions, traumatic in- 
volucra, subperiosteal hematomas of 
long bones,“* and vertebral fractures 
with associated spinal cord injuries.**” 
The infant is particularly vulnerable 
to whiplash injury due to the heavy 
head, weak neck muscles, and light 
body weight, which results in ease of 
shaking.***5 

Many of the ocular manifestations 


- of child abuse have been attributed to 
whiplash 
trauma, however, may be more impor- 
tant in patients with ocular injury 


shaking.“ Direct head 


than has been previously recognized. 
Many of the severe eye injuries, and 
virtually all eye injuries involving the 
anterior segment, may result from di- 
rect trauma with or without shaking. 
As illustrated in our series, signs of 
direct head trauma may not be readily 
identified in all cases. These signs are 
often subtle and are frequently recog- 
nized only at autopsy in the form of 
subcutaneous hematomas, skull frac- 
tures, and skin bruises (Fig 5), includ- 
ing dermatographic imprints of the 
striking object, which are made visible 
only by postmortem skin blanching.’ 
In a recent necropsy study of eyes of 
fatally abused children, Rao et al“ 
identified ocular injuries in 10 of 14 
cases. Five of these 10 children were 
reported as having been shaken, but 2 
of the 5 shaken children had skull 
fractures indicative of direct head 
trauma, underscoring the fact that 
some ocular injuries believed to result 
from shaking alone may, in fact, be due 
to direct head injury. 

Recent studies indicate that more 
than 50% of abused children in the 
United States'*’ and most cases in 
Japan’ manifest soft-tissue injuries 
or fractures of the head from direct 
blunt trauma. A review of these re- 
perts indicates that many of these 
children also have intraocular hemor- 
rhages. The forensic literature 
stresses that blunt head trauma is the 
most common cause of death in abused 
children.**” Confessed methods of in- 
jury by assailants in cases of fatal 
child abuse overwhelmingly involve 
blunt trauma to the head by hands, 
fists, blunt objects, or stationary 
structures.’ Autopsy studies of chil- 
dren who died of direct nonaccidental 
head trauma have revealed frequent 
subdural hematomas, cerebral contu- 
sions, and white-matter lacerations 
with skull fractures present in greater 
than 50% of cases.°°*! The intracranial 
injury suffered by these infants results 
in profound vital-sign abnormalities, 
diffuse and severe cerebral infarction, 
and brain herniation, all of which com- 
monly cause death. Surviving infants 
may have severe cerebral atrophy, cys- 
tic cerebral changes, and gliosis, which 
may result in developmental abnor- 
malities, mental retardation, cerebral 
palsy, paresis, seizures, and cortical 
blindness,*? 

The forensic literature’ and experi- 
mental models of head injury’ indicate 
that blunt head trauma, in addition to 
whiplash shaking, may be necessary to 
produce lesions of sufficient severity to 
cause death. The autopsy findings in 
our cases support this view, since all of 
our cases had necropsy evidence of 
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blunt head trauma that resulted in se- 
vere ocular injuries, including retinal 
hemorrhages. Our findings of hemor- 
rhagic retinal necrosis, retinoschisis, 
tractional] retinal folds, and perineural 
intrascleral hemorrhages all indicate 
the severe, force-induced injuries sus- 
tained by eyes in alleged fatal child 
abuse. Extreme acceleration-decelera- 
tion forces necessary to produce these 
injuries are probably not generated 
solely by whiplash shaking but by 
blunt head injury alone or in combina- 
tion with whiplash shaking. 

In approximately 6% of cases, the 
ophthalmologist may be primarily re- 
sponsible for recognizing manifesta- 
tions of child abuse.‘ Retinal hemor- 
rhages, multiple injuries of different 
ages, and an inappropriate history are 
believed to be nearly pathognomonic of 
child abuse in patients younger than 3 
years.’ High incidences of associated 
familial social dysfunction, including 
separation, divorce, and alcohol abuse, 
have been noted in previous studies.‘ 
We found 6 of the 7 allegedly abused 
children living with their unmarried 
mother and an unrelated man, a con- 
tributing social factor that has also 
been reported in other studies of child 
abuse.’ When detected, children with 


histories and signs suggestive of abuse 


must undergo thorough examination, 
including detailed external head and 
neurologic examinations, skeletal ro- 
entgenographic evaluation, and exam- 
inations for serum toxins and sexual 
abuse. 

Intraocular hemorrhage may be the 
only clinical sign of covert child abuse 
but correlates highly with the presence 
of subdural, subarachnoid, and intra- 
cerebral hemorrhages.'** Further- 
more, studies have shown that retinal 
hemorrhages in the presence of a nor- 
mal initial CT scan correlate with the 
identification of significant subdural 
hematoma on subsequent CT scans, 
indicating that retinal hemorrhages 
may be a more sensitive indicator of 
early subdural hemorrhage than is 
CT." Accordingly, in three of our cases, 
the presence of retinal hemorrhage 
correlated with the presence of subdu- 
ral hematomas not detected on CT 
scans. A recent report indicates that 
magnetic resonance imaging may be 
more sensitive than CT in the detec- 
tion of subdural hematoma in cases of 
child abuse.” 

Blunt trauma is an important factor 
in fatal, nonaccidental injuries in chil- 
dren. Signs of blunt injury may not be 
apparent, however, until postmortem 
examination, when contusions may 
not be visualized until lividity occurs. 
Our cases underscore the importance 
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< of ocular findings and their correlation 
_ with direct head injury and the pres- 
; ence of life-threatening central ner- 
= yous system injury. Because blunt 





trauma and whiplash injury may be. 


covert, careful ocular examination to 
detect intraocular hemorrhage or its 
associated ocular injuries may be the 
only definitive method to establish the 
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diagnosis of suspected child abuse." 
Unfortunately, many children are re- 
turned to potentially life-threatening 
environments for lack of suspicion on 
the part of the examining physician or 
lack of evidence.. Recognition of the 
pathologic findings and pathophysio- 
logic mechanisms in alleged child 
abuse may assist in the medicolegal 
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è Prostaglandin F, —isopropylester 
(PGF,,-IE) (0.5 ug) or placebo was 
added twice daily for 1 week to one eye in 
each of 30 patients with open angle glau- 
coma not adequately controlled with ti- 
molol treatment. Compared with placebo, 
PGF2a-IE reduced the intraocular pres- 
sure of these timolol-treated eyes signifi- 
cantly. The absolute difference in mean 
change between PGF, -IE and placebo 
groups was 4.5 mm Hg with a 95% confi- 
-dence interval of 3.1 to 6.6 mm Hg, corre- 
<. sponding to a mean reduction of initial 
intraocular pressure of 17.4% in eyes 
treated with PGF,,-IE. Conjunctival or 
episcleral hyperemia was seen in all eyes 
treated with PGF,,-IE for up to 4 hours 
but not in eyes treated with timolol and 
placebo, and aqueous flare was not ob- 
served in any eye. Thirteen of 15 patients 
treated with PGF,,-IE, compared with 
only 3 of 15 who received placebo, re- 
ported mild to moderate subjective dis- 
comfort in the treated eye in the form of a 
foreign-body sensation that lasted for up 
to 2 hours. These results demonstrate 
that PGF,,-IE, in a dose that has previ- 
ously been shown to reduce intraocular 
pressure in normotensive volunteers or 
in patients with glaucoma who are taking 
no other medications, also. significantly 
reduces the intraocular pressure of pa- 
tients with glaucoma whose pressures 
are not adequately controlled on a twice- 
daily regimen of timolol. 
(Arch Ophthalmol. 
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everal studies have demonstrated 

that topical application of prosta- 
glandin preparations reduces the in- 
traocular pressure (IOP) in normal and 
glaucomatous human eyes. The tro- 
methamine salt of prostaglandin F,, 
(PGF) has been shown to be effective 
in the dose range of 62.5 to 250 pg, but 
such side effects as local irritation and 
hyperemia prevent its use for the 
treatment of glaucoma.’” A lipid-solu- 
ble ester, such as PGF,,-isopropylester 
(PGF,,-TE),* can be used in much lower 
doses and still reduce IOP in normal’ 
and glaucomatous” eyes. Unfortunate- 
ly, the dose reduction has not resulted 
in an adequate separation between ef- 
feet and side effects. Local side effects 
were found to be unacceptable at doses 
of PGF,,-IE in the 2.5- to 10-ug range, 
which were required to obtain maximal 
or near-maximal IOP reduction.’ At 
doses of 0.5 pg, however, such side 
effects were usually mild and short- 
lasting but this dose still produced a 
significant reduction in IOP in previ- 
ously untreated patients with 
glaucoma.“ 

Combination treatment is often nec- 
essary in cases of glaucoma to obtain 
adequate pressure control. An additive 
effect of PGF,-IE to pilocarpine can- 
not be expected because pilocarpine 
has been shown to antagonize PGF, - 
induced ocular hypotension in mon- 
keys." Because PGF, -IE has no de- 
monstrable effect on aqueous flow," 
one would expect an additive effect of 
the combination PGF ,,-IE and, for ex- 
ample, timolol maleate. We therefore 
chose to evaluate the IOP-lowering 
efficacy of 0.5 pg of PGF,-IE in 
a randomized, masked, placebo-con- 
trolled study involving the eyes of 
patients with glaucoma whose pres- 


‘he > Effect of Adding Prostaglandin F,,,—Isopropylester 
i to Timolol in Patients With Open Angle Glaucoma 


sures were not adequately controlled 
with twice-daily applications of 0.5% 
timolol alone. The results indicate that 
the combination of a low dose of PGF- 
IE and timolol is at least as effective 
as the combination of timolol and 
pilocarpine. 
PATIENTS AND METHODS 
Design 


We designed and performed a random- & 


ized, masked, placebo-controlled study to 
assess the effect of 0.5 pg of PGF,,-IE or 
placebo applied twice daily to one eye in 
patients with chronic open angle glaucoma 
previously treated with timolol alone. In 
this parallel study, after 1 days baseline 
observation, patients treated with timolol 
were randomized to receive treatment with 
a combination of timolol and placebo or 
timolol and PGF,,-IE. One eye of each 
patient was selected for treatment at the 
start of the study. In patients with bilateral 
glaucoma (in whom both eyes fulfilled the 
inclusion criteria), the eye in which the IOP 
was higher was chosen. 

The drug PGF,,-IE produces some for- 
eign-body sensation and conjunctival or 
episcleral hyperemia for 1 to 2 hours even 
at low doses, and reliable masking is not 
possible. Possible examiner bias was pre- 
vented by masking the IOP measurements 
by concealing the scale of the Goldmann 
tonometer. The scale was read by an assis- 
tant who was unaware of the treatment 
that had been administered. The study pro- 
tocol was reviewed and approved by The 
National Board of Health and Welfare in 
Sweden and by the Ethics Committee of the 
Medical Faculty at the University of Umea 
(Sweden). 


Patient Selection 


Patients with unilateral or bilateral 
chronic open angle glaucoma were recruited 
from two clinies. Patients with an IOP of at 
least 22 mm Hg in one eye despite ongoing 
twice-daily treatment with 0.5% timolol 
were included. The diagnosis of glaucoma 
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was based on a glaucomatous visual field 
defect and/or a glaucomatous excavation of 
the optic nerve. The patient group included 
11 men and 19 women ranging in age from 
58 to 81 years. Patients were assigned 
randomly to treatment with either PGF,- 
IE or placebo. Table 1 shows the results of 
the randomization. No important differ- 
ences were found between the two groups, 
and all patients completed the study. 


Examination Schedule 


Day 1.—The study was conducted on an 
outpatient basis. Each patient underwent a 
complete ocular examination, including vi- 
sual acuity determination, tonometry, gon- 
ioscopy, biomicroscopic evaluation of the 
optic disc, determination of visual fields, 
and a slit-lamp evaluation of the degree of 
conjunctival hyperemia and of the presence 
of flare and cells in the anterior chamber. 
Conjunctival hyperemia, flare, and the 
presence of cells in the anterior chamber 
were graded as absent (0), slight (+), mod- 
erate (+ +), or marked (+ + +). To estab- 
lish a pretreatment diurnal IOP curve for 
each subject, IOP measurements were 
made at 8 AM, 8:30 AM, noon, 2 PM, 6 PM, 
and at 8 AM the following morning. 

Day 2.—After the last baseline IOP mea- 
surement was obtained on the morning of 
day 2, one drop of PGF,,-IE or placebo was 
applied to the study eye at 8 AM and again 
at 8 PM, on both occasions 5 minutes after 
_ the application of timolol. The pressure 
curve was reestablished with the same time 
schedule as on day 1. 

Days 3 Through 7.—The patients ap- 
plied one drop of 0.5% timolol to the study 
eye at 8 AM and 8 PM at home; 5 minutes 
later, one drop from a masked bottle that 
contained either placebo or PGF,,-IE was 
applied. The patients were also asked to 
record any subjective side effects. If side 
effects were present, the participants were 
required to describe their nature, duration, 
and severity. 

Day 8.—On day 8, the patients arrived at 
the outpatient department at 7:30 AM with- 
out having applied their morning dose of 
PGF, -IE. Their IOPs were determined be- 
fore the 8 AM dose and then with the same 
- time schedule as on days 1 and 2, with a 
final dose at 8 PM and the last IOP measure- 
ment 12 hours later. 


Evaluation of Effect 


To evaluate the treatment effect, the two 
groups were compared with respect to 
change from baseline (day 1) to day 8. The 
six IOP values for days 1 and 8 were 
averaged for each subject and the differ- 
ence (mean IOP,,,, minus mean IOP,,, s) 
was used as a measure of the effect. The 
treatment effect is related to the initial IOP 
with greater effects at high initial IOPs 
(Fig 1). Because percent change from base- 
line was approximately constant over the 
entire range of baseline IOPs (Fig 2), the 
statistical analysis was also performed us- 
ing this measure. The distribution of indi- 
vidual changes from baseline was compared 
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in the two treatment groups. The results 
are described using the 95% confidence 
interval for the difference in mean change 
from baseline between the PGF,,-IE- and 
placebo-treated groups. 

A possible transient ocular hypertension 
at 8:30 AM in PGF, -IE-treated patients 
was evaluated by comparing the change in 
IOP (8 to 8:30 AM) between the PGF,,-IE- 
and placebo-treated groups. 


RESULTS 
Effect on IOP 


The IOP in the experimental group 
was gradually reduced during the first 
day of PGF,„-IE treatment and an 
even lower level of IOP was main- 
tained in these eyes on day 8, while 
there was no similar IOP reduction in 
the placebo-treated group (Table 2). 

The absolute difference between the 
treatment groups in mean change from 
baseline to day 8 was 4.5 mm Hg with 
a 95% confidence interval of 3.1 to 6.6 
mm Hg. Corresponding values for the 
reduction were 17.4% with a 95% confi- 
dence interval of 12.2% to 22.6%. 

After administration of PGF,,, IOP 
increased. Thus, on day 8, when com- 
pared with placebo, the increase in 
IOP between the 8 AM and 8:30 AM 
measurements was significant in 
PGF,,-[E-treated eyes, with a mean 
difference of 1.46 mm Hg and a 95% 
confidence interval of 0.05 to 2.87 mm 
Hg. 
Further analysis showed no differ- 


Mean IOP Reduction, mm Hg 


16 18 20 22 


ence between the two sexes in re- 
sponse to treatment with PGF,,-IE 
and no difference between the two 
clinics involved in the study. During 
the study, IOP was also determined in 
the untreated eye. The IOP in the 
contralateral eyes that received nei- 
ther PGF,,-IE nor placebo applications 
was not significantly affected com- 
pared with IOP before the initiation of 
the new treatment regimen. 


Objective Side Effects 


Flare was not seen in any eye during 
the study. A few cells were seen on 


Group 
—- me, 


a Ora ES TO 


| 9 7 16 
M 6 7 14 


Simplex 3 3 6 
Capsulare 12 12 24 
woe 6 9 15 








*PGF,,-IE indicates prostaglandin F,.-isopropyl- 
ester; IOP, intraocular pressure. 





24 26 28 30 32 34 


Mean IOP on Day 1, mm Hg 


Fig 1.—The relationship between initial intraocular pressure (IOP) and mean IOP reduction in 15 
eyes treated with 0.5 wg of prostaglandin F,—isopropylester twice daily for 1 week. For each 


eye, the mean IOP of six measurements before and after 1 week's treatment was calculated, ` 


and the difference between these two mean values was used as an estimate of the mean 
reduction in that eye. The dashed line represents the regression line. 
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Mean IOP Reduction, % 





Mean IOP on Day 1, mm Hg 


Fig 2.—The relationship between mean intraocular pressure (IOP) reduction, expressed as 
percent of mean initial IOP, and mean initial IOP in 15 eyes treated with 0.5 ug of prostaglandin 
F,„ twice daily for 1 week. For definitions of mean reduction and mean initial IOP, see Fig 1. The 


dashed line represents the regression line. 


Table 2.—Intraocular Pressure (IOP) and Mean Change in IOP 
Compared With Baseline * 


PGF,,-IE 


Change 
Day 1 (Timolol Baseline) 


26.6 + 1.1 
26.5 + 0.9 i 


20.2 = 0.7 À 
25.3 + 0.8 
26.6 + 0.8 


2 PM 
6 PM 
8 AM 


27.4 + 1.0 
26.1 + 0.8 
an.) = 1.0 
22.4 +08 


23.1 + 1.0 


20.9 + 0.7 
22.3 + 0.8 





2.1 + 0.8f 
3.2 + 0.64 
5.3 + 0.84 


5.5 + 0.84 
4.2 + 0.5¢ 


Placebo 
——_———w——-  —_——~. 
Change 


24.5 + 0.8 
24.5 + 0.7 


Noon 24.9 + 0.8 - 23.6 + 0.7 re 


23.0 + 0.9 
22:60 2 10 
23.9 + 1.0 


Day 2 (1 Day of Added Treatment) 
—0.9 + 04T 


23.7 + 0.9 
23.4 + 0.9 
22.6 + 0.9 
22.3 + 0.8 
24.1 = 0.7 
24.1 + 0.0 


0.8 + 0.3T 


Day 8 (7th Day of Added Treatment) 


23.7 + 0.7 


23.4 + 0.7 1.2 + 0.3f 


Noon 21.2 + 0.7 3.8 + 0.5} 23.0 + 0.9 0.6 + 0.6 


2 PM 20.1 + 0.9 


21.4 + 0.9 


5.0 + 0.64 


5.6 + 0.64 


on.f = 0:9 0.3 + 0.5 
23.3 + 1.1 


22.1 + 0.8 





*Values are means + SEMs in millimeters of mercury. PGF,,-IE indicates prostaglandin F,.,-isopropylester. 


tP < .05. 
+P < .001. 


one or two examinations in eight eyes 
of six patients, all of whom had capsu- 
lar glaucoma. These eyes were divided 
equally between those given PGF, -IE 
or placebo, with four eyes in three 
participants in each group. All eyes 
treated with PGF, -IE, but none in the 
placebo group, experienced a conjunc- 
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tival or episcleral hyperemia. A mild 
hyperemia lasting at least 30 minutes, 
but not 4 hours, was observed in eight 
PGF, -I[E-treated eyes, while in the 
remaining seven eyes a mild hyper- 
emia remained after 4 hours but was 
no longer apparent at 6 hours. In five 
of these seven eyes, the hyperemia 


was judged to be moderate after 30 
minutes. 


Subjective Side Effects 


In the placebo group, 3 of 15 patients 
reported some subjective discomfort; 2 
reported slight discomfort for several 
hours in both eyes, and 1 reported 
slight pain in the treated eye for 5 
minutes after instillation of the eye 
drop on treatment day 7. In the PGF,, 
group, 13 of 15 patients reported a 
foreign-body sensation, or in one case 
itching, in the treated eye. This dis- 
comfort lasted about 30 minutes (five 
eyes) or up to 1 to 2 hours (eight eyes) 
and was described as mild by 7 pa- 
tients and as moderate by the remain- 
ing 6 patients. 


COMMENT 


Our study demonstrates that a low 
dose of PGF,,-IE causes a significant 
additive reduction in IOP in glaucoma- 
tous eyes in which IOP was not ade- 
quately controlled using timolol alone. 
Although the dose of PGF,,-IE used is 
at the lower level of the dose-response 
curve, the reduction in IOP obtained 
(4.5 mm Hg) is of the same order as 
one can expect when pilocarpine is 
added to timolol treatment.” The ef- 
fect seems to be completely additive to 
that of timolol. In a previous study of 
untreated glaucomatous eyes, 0.5 pg 
of PGF,,-IE applied twice daily for 1 
week reduced IOP about 19%,° com- 
pared with 17% in our study. Because 
PGF, -IE does not reduce aqueous 
flow, it is assumed that the effect is 
due to an increased outflow, but the 
exact mechanism has not been estab- 
lished. Studies in monkeys suggest 
that increased uveoscleral outflow may 
be involved.*"*” 

In our study, there was a small 
(1.46-mm Hg) but statistically signifi- 
cant increase in IOP 30 minutes after 
application of the drug. A tendency to 
a transient increase in IOP has been 
observed in previous studies on nor- 
mal’ and glaucomatous“ eyes. An initial 
increase in IOP of the same order 
occurs with epinephrine and pilocar- 
pine secondary to an increased epi- 
scleral venous pressure.” Prostaglan- 
din F,-IE causes conjunctival and 
episcleral vasodilation, and an intra- 
ocular vasodilation or an increased 
episcleral venous pressure are likely 
causes for the transient increase in 
IOP observed in our study. 

The number of patients with glauco- 
ma simplex in our study was too low to 
make a meaningful comparison be- 
tween glaucoma simplex and glaucoma 
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capsilare. However, previous experi- 
ance indicates that there is no signi- 
cant. difference between the two 
< groups in response to PGF,,-IE 
< treatment.’ 
“+. Neither the conjunctival hyperemia 
< nor the foreign-body sensation that 
- most patients in the PGF,,-IE group 
experienced was severe enough to 
cause any patient to discontinue the 
study. No flare was seen, and the few 
- cells that could be observed were di- 
= vided equally between placebo- and 
_.PGF,,-IE-treated eyes and were prob- 
ably mainly due to the fact 
‘these were eyes with capsular 











series of studies performed dur- 
e last 5 years, we have evaluated 
effect of PGF,,-IE on IOP in nor- 
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mal volunteers,*” in glaucomatous 
eyes not being treated with other glau- 
coma medications,” and, in the present 
study, in glaucomatous eyes in combi- 
nation with another ocular hypotensive 
agent, timolol. Low doses of PGF,,-IE 
cause approximately a 20% reduction 
in IOP in glaucomatous eyes, both 
alone and when added to timolol. Ex- 
ternal hyperemia and minor discomfort 
are the only side effects that have been 
observed thus far. During 1 week of 
treatment with 0.5 pg of PGF, -IE, 
these side effects have been accepted 
by the patients, but we suspect that 
the foreign-body sensation may not be 
accepted by all patients undergoing 
long-term treatment. Still, considering 
the fact that the dose evaluated in 
these studies is at the lower level of 
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Neal S. Peachey, PhD; Donald A. Gagliano, MD; Michael S. Jacobson, MD; 
Deborah J. Derlacki; Gerald A. Fishman, MD; Steven B. Cohen, MD 


è This study examined the relation- 
ship between the proportion of peripher- 
al retinal nonperfusion and electroretino- 
gram measures in one untreated eye of 
44 patients with sickle cell retinopathy. 
The proportion of peripheral retinal non- 
_ perfusion was derived from fluorescein 
angiographic frames covering 180° of the 
temporal periphery. The extent of periph- 
eral retinal capillary nonperfusion was 
greater in patients with peripheral retinal 
neovascularization compared with those 
without neovascularization. Reductions 
in electroretinogram a- and b-wave am- 
plitudes were found in patients with 
and without neovascularization. How- 
ever, such reductions were of greater 
frequency and magnitude in patients 
with neovascularization. Electroretino- 


etinal capillary nonperfusion is as- 

sociated with the development of 
retinal neovascularization (NV) in dis- 
orders affecting the retinal vascula- 
ture, such as diabetes mellitus,’ cen- 
tral retinal vein occlusion (CRVO),° 
and sickle cell hemoglobinopathy.’ In 
both diabetes and CRVO, electroreti- 
nogram (ERG) recordings appear to be 
sensitive predictors of the potential 
development of NV.” 

In an ERG study of patients with 
sickle cell retinopathy, responses ob- 
tained from patients with peripheral 
retinal NV were found to be reduced in 
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gram abnormalities were restricted to 
reductions in amplitude; implicit times 
were generally normal. In terms of the 
variables of the b-wave liuminance-re- 
sponse function, abnormalities were re- 
Stricted to reductions in the amplitude 
variable Rna; values of logK and n were 
generally within the normal range. 
Across all patients, there was a signifi- 
cant negative correlation between elec- 
troretinogram amplitude measures and 
capillary nonperfusion, indicating that 
the electroretinogram provides informa- 
tion about the functional consequences 
of peripheral capillary nonperfusion in 
sickle cell retinopathy. 

{Arch Ophthalmol. 
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amplitude compared with those ob- 
tained from patients without NV." 
This finding suggested that ERG am- 
plitude measures might be of value in 
identifying individuals who will devel- 
op NV. However, in that study, quan- 
titative information regarding possible 
differences in the extent of eapillary 
nonperfusion between patients with 
NV and those without NV was un- 
available. To examine whether such a 
difference was correlated with the ob- 
served amplitude difference, in the 
present study ERGs were obtained 
from eyes in which the extent of pe- 
ripheral capillary nonperfusion had 
been estimated using fluorescein 
angiography. 


PATIENTS AND METHODS 


A total of 44 patients with sickle cell 
retinopathy participated in this study. Pa- 
tients with other ocular or systemic disease 
were excluded. The patients ranged in age 
from 9 to 61 years, with a mean of 27.7 
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Correlation of Electroretinographic Findings 
and Peripheral Retinal Nonperfusion 
in Patients With Sickle Cell Retinopathy 


years and a median of 26.5 years. Five 
patients (8 with hemoglobin SS disease and 
2 with hemoglobin S—thalassemia) had stage 
I retinopathy consisting of areas of periph- 
eral capillary drop-out. >" Eighteen pa- 
tients (8 with hemoglobin SC disease, 7 
with hemoglobin SS disease and 3 with 
hemoglobin S-thalassemia) had stage II 
retinopathy which, in addition to peripheral 
capillary drop-out, consisted of arteriolar- 
venular anastomosis formation." Twenty- 
one patients (18 with hemoglobin SC dis- 
ease, 2 with hemoglobin SS disease, and 1 


with hemoglobin S-thalassemia) had stage « 


Ill retinopathy consisting of peripheral ret- 
inal NV." 

Only one eye of each patient was studied; 
eyes with prior surgical treatment were 
excluded, All eves tested had Snellen visual 
acuity of 20/50 or better. Each patient 
underwent a complete ocular examination, 
including direct and indirect ophthalmosco- 
py, a detailed retinal drawing to assist in 
constructing a montage of the fluorescein 
angiograms, and 360° color photographs. 


Fluorescein Angiography 


Fluorescein angiography was used to 
quantify the extent of retinal vascular clo- 
sure and to clarify the stage of sickle cell 
retinopathy.'"” Angiograms were obtained 
using a 5-mL bolus of sodium fluorescein 
followed by 5 mL of saline injected into a 
superficial vein of the arm. Temporal equa- 
torial montage-frames of the 180° temporal 
periphery were obtained. The photogra- 
pher attempted to photograph as far pe- 
ripherally as possible and to overlap with 
the areas previously photographed. These 
frames were then used to construct a mon- 
tage of the 6 clock hours of the temporal 
periphery. Two independent examiners re- 
viewed the montages and graded areas of 
nonperfusion in half-hour increments. This 
measure cannot distinguish areas of nonper- 
fusion resulting in ischemia from those 
causing tissue infarction, but it does pro- 


vide an index of the extent of peripheral 4 


capillary drop-out. 
To clarify how the number of temporal 
clock hours (0 to 6) with areas of nonperfu- 


Sickle Celi Retinopathy — Peachey et al 



























Fig 1.—Schematic of fluorescein angiogram 
analysis. Shaded area represents the extent 
< of normal peripheral vascularization as well 


_ as the retinal area evaluated in patients with 
sickle cell retinopathy. in this example, capil- 
lary nonperfusion was documented in all 6 
temporal clock hours in a patient with stage IH 
retinopathy. 


sion were judged, Fig 1 presents a schemat- 

ic representation of a montage obtained 

from a patient with sickle cell retinopathy. 

For this patient, a score of 6 would be 

assigned since each temporal clock hour 
included areas of nonperfusion. 





ERG 


= i Burlan-Allen nar jon electrode ( an 
~ gen Ophthalmic Development Laboratory, 


Iowa City, Iowa) referenced to the subjects 
forehead; the left earlobe served as ground. 
A Compact Four signal averager (Nicolet, 
Madison, Wis) with an amplifier band-pass 
of 1 to 1000 Hz (8 dB down points) was 
used. Responses were stored for later 
analysis. 

White (xenon) stimulus flashes were pre- 
sented in a ganzfeld bow] (Nicolet), Flash 
luminances were attenuated using internal 
_ strobe settings and Wratten No. 96 neutral 
density filters (Eastman Kodak Co, Roches- 
ter, NY). Flashes were presented either in 
ie- dark or against a background field. 
lash and background luminances were cal- 


. Gbrated with a radiometer (Model 550, 


EG&G, Princeton, NJ) equipped with a 


K _-Juminance probe and a flash integrator. 
 Electroretinograms were obtained from the 


eye that underwent fluorescein angiogra- 
phy. Since high-luminance flashes are used 
in fluorescein angiography, patients either 
waited a minimum of 2 hours before coming 
to the ERG lab, or ERGs were obtained on 
another day. The pupil of the study eye was 
dilated with 1% tropicamide and 2.5% phen- 
ylephrine hydrochloride drops, and the 
study eye was then dark-adapted for at 
least 40 minutes. Drops of 0.5% propara- 
caine hydrochloride anesthetized the cor- 
nea, and a contact lens electrode was insert- 


a : ed under dim long-wavelength illumination. 


ae SA dar} -adapted luminance-response fune- 
oo ‘tion: was first obtained using 18 flash lumin- 
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ances ranging between —2.97 and 0.82 log 
eandela-second (ed)/m*. The responses to 
two successive flashes presented 15 seconds 
apart were averaged together, and flash 
luminances were presented in increasing 
order. Following this, a rod- desensitizing 
background field (1.34 log ed-s/m*) was pre- 
sented. After waiting 10 minutes for the 
response to stabilize,” a light-adapted lumi- 
nance-response function was obtained using 
8 flash luminances ranging between — 0.96 
and 0.82 log ed-s/m*. Responses to 5 succes- 
sive flashes presented at 1.1-second inter- 
vals were averaged together, and flash 
luminances were presented in increasing 
order. 

The amplitude of the a-wave was mea- 
sured from the prestimulus baseline to the 
trough of the a-wave. The amplitude of the 
b-wave was measured to the positive peak, 
either from the trough of the a-wave or, if 
no a-wave was present, from the baseline. 
Implicit times were measured from the time 
of flash presentation to the a-wave trough 
or the b-wave peak. 

Dark- and light-adapted b-wave lumi- 
nance-response functions were fitted with 
the hyperbolic equation 


(RIR) = L'AL" + K’ 


using an iterative curve-fitting program 
based on a least-squares criterion. In the 
equation, R is the response to a flash of 
luminance (L), Rpa is the derived maximum 
amplitude, K is the semisaturation constant 
(the luminance required to generate a re- 
sponse one half the amplitude of Rpa) and 
n is a dimensionless slope variable. For the 
dark-adapted function, this analysis was 
performed on the b-wave amplitudes ob- 
tained to flashes between — 2.97 and — 0.76 
log ed-s/m*. As described previously, re- 
sponse amplitudes obtained to flash lumin- 
ances above this range depart from a mono- 
tonic relation.” For the light-adapted 
function, this analysis was performed on the 
entire data set, for which the equation 
provides a satisfactory fit.” 


RESULTS 


As a group, patients with peripheral 
NV had more clock hours of nonperfu- 
sion than did patients without NV 
(t,,=3.10; P<.01). This finding is con- 
sistent with the likelihood that increas- 
ing levels of retinal nonperfusion are 


related to an increasing probability of 


developing NV. In addition, there was 
a significant correlation between pa- 
tient age and the number of clock 
hours of nonperfusion (r= .38; P<.05). 
This result is not surprising, given the 
potentially progressive nature of sickle 
cell retinopathy. 

In agreement with our previous ob- 
servation,” ERG implicit times were 
generally normal in the present popu- 
lation of patients with sickle cell reti- 
nopathy. Since ERG abnormalities 
were restricted primarily to amplitude 
measures, the following analysis will 
be confined to examining the manner 
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in which sath: measures “eovary with 
the number of clock hours of nonperfu-. 
sion within the patients examined. : 
Figures 2 through 5 present the re- 
sults of ERGs obtained under dark 
adapted conditions. Similar results 
were obtained for the responses ob- 
tained under conditions of light- 
adaptation. E 
Figures 2 through 4 present scatter. 
plots of the variables of the equation 
fitted to the dark-adapted b-wave lu- = 
minance-response functions. Figure 2 
presents values of R.. plotted as a 


function of the number of clock hours 


of nonperfusion. Overall, R,,, values | 
obtained from patients with NV (solid — 
circles) were smaller than those ob-— 
tained from patients without NV (open ~ 
circles) (t= — 2.98; P<.01). Eleven of . 
21 patients with NV, compared with 3 
of 23 patients without NV, fell below | 
the normal range (height of hatched 
area). Linear regression analysis 
showed that R „„ decreased significant- 
ly as the number of clock hours of 
nonperfusion increased (r= —.82; 
P<.05). 

As seen in Fig 3, values of logK 
were within or, in 4 patients without 
NV, slightly below the normal range. 
No individual had values above the 
normal range, which would indicate a 
decrease in retinal sensitivity.” Never- 
theless, values of logK were larger in 
patients with NV than in those without 
NV (t= —2.72; P<.01) However, 
values of logK were not significantly 
correlated with the number of clock 
hours of nonperfusion (7=.25; not 
significant). 

Figure 4 presents values of n as a 
function of the number of clock hours 
of nonperfusion. These values were 
neither outside the normal range nor 
differed between patients with and 
without NV (t= 1.99; not significant). 
However, values of n decreased signif- 
icantly as the number of clock hours of 
nonperfusion increased (r= —.36; 
P<,05). 

The amplitudes of the dark-adapted 
a-waves obtained from the patients 
with sickle cell retinopathy to the high- 
est luminance flash are presented in 
Fig 5. As noted previously, patients 
with sickle cell retinopathy can exhibit 
a-waves reduced in amplitude below — 
the normal range.” = 
tient population, 10 of 21 patients with © 
NV and 6 of 23 patients without NV 


were below the normal range. Consid- ~ 


ered as groups, there was no differ- 
ence in a-wave amplitudes between the 
patients with or without NV (¢,,= 1.00; . 
not significant). However, there was a 


significant negative correlation be- 


tween a-wave amplitude and the num- 





In the present pa- 





Clock Hours of Nonperfusion (out of 6} 


Fig 2.—Dark-adapted R plotted as a function of the number of 
temporal clock hours of nonperfusion, for patients with sickle cell 
retinopathy without neovascularization (open circles) and patients 
with neovascularization (solid circles). Hatched area represents nor- 
mal range. 
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Clock Hours of Nonperfusion (cut of 6) 


Fig 3.—Dark-adapted /ogK plotted as a function of the number of 
temporal clock hours of nonperfusion, for patients with sickle cell 
retinopathy without neovascularization (open circies) and patients 
with neovascularization (solid circles). Hatched area represents nor- 
mal range. cd-s/m’ indicates candela-second per square meter. 


ber of clock hours of nonperfusion 
(r=— 88; P<,05). 


COMMENT 





ERG measures may be of value for 
indirectly determining the total extent 
of occlusive ischemia or at least its 
consequences for retinal function. 


Clock Hours of Nonperfusion (out of 6) 


Fig 4.— Dark-adapted n plotted as a function of the number of temporal 
clock hours of nonperfusion, for patients with sickle cell retinopathy 
without neovascularization (open circles) and patients with neovascu- 
larization (solid circles). Hatched area represents normal range. 


a-Wave Amplitude, uV 


Clock Hours of Nonperfusion (out of 6) 


Fig 5.—Dark-adapted a-wave plotted as a function of the number of 
temporal clock hours of nonperfusion, for patients with sickle cell 
retinopathy without neovascularization (open circles) and patients 
with neovascularization (solid circles). Hatched area represents nor- 
mal range. 


will collectively reduce the total retinal 
area contributing to the ERG, and 
thus Rae If other retinal areas are 
adequately perfused, values of logK 


-< -eorrelations. 


As reported previously,” patients 
with peripheral sickle cell retinopathy 
can manifest reductions in ERG ampli- 
tude. The present study contributes to 
understanding these amplitude reduc- 
tions by clarifying the relation be- 
tween ERG amplitude and the extent 
of peripheral retinal capillary nonper- 
fusion as assessed by fluorescein angi- 
ography. Within the study patient 
- sample there were significant negative 
s between measures of 
dark-adapted ERG amplitude and our 

- estimate of the extent of capillary non- 
3 perfusion. These results indicate that 
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In terms of the equation, values of 
only the amplitude variable R,,,. fell 
reliably below the normal range. This 
finding is consistent with a reduction in 
the total retinal area contributing to 
the ERG response obtained but a 
maintenance of normal response char- 
acteristics of the remaining areas, and 
is in agreement with the pathophysio- 
logical characteristics of sickle cell reti- 
nopathy, wherein capillary occlusions 
affect focal areas of the neural retina 
perfused by that blood supply but pre- 
sumably do not affect neighboring ar- 
eas with intact blood supplies. Multiple 
focal infarctions of the neural retina 





and n should be unaffected. However, 
although values of logK and n were 
generally within the normal range 
even for patients with large decreases 
in Emo values of n decreased as the 
number of clock hours of nonperfusion 
increased. In addition, values of logK 
were elevated in patients with NV 
compared with patients without NV, 
as was also noted previously.” These 
observations indicate that the impair- 
ment of retinal function assessed in 
sickle cell retinopathy by ERG proce- 
dures may be more complex than a 
simple loss of ERG generators due to 
focal vaso-occlusive events. 
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levertheless, the pattern that 
erges in sickle cell retinopathy is 
istinct from that seen in other disor- 
rs that affect the retinal circulation, 
uch. as CRVO or diabetic retinopathy. 
n CRVO, some patients may manifest 
a relatively selective increase in logK,’ 
whereas both R. and logK are af- 
fected in other patients.” In a popula- 
< tion of patients with diabetic retinopa- 
thy, both R,,. and logK were reported 
to be affected.’ Elevations of logK be- 
yond the normal range have not been 
reported in sickle cell retinopathy, 
where a primary reduction in the am- 
tude. variable F,,,. indicates that the 
onal effects of sickle cell retinop- 
differ from those seen in CRVO 
d betic retinopathy. 
0) Of interest, the ERG a-wave de- 
reased in amplitude with increasing 
everity of retinal nonperfusion. This 
-implies that the function of the photo- 
-. receptors that generate the a-wave” is 
somehow compromised in sickle cell 
retinopathy. At present, we can only 
speculate as to how photoreceptor 
function could be diminished. One 
means by which this might occur is if 
the choroidal circulation were compro- 
= mised to a greater degree than has 
_.. been previously appreciated. Although 
; choriocapillaris occlusion has been re- 
orted in sickle cell retinopathy, ™® it is 
aps more likely that alterations of 
stinal circulation affect photore- 
eptor function by altering the gradi- 
nt of oxygen tension across the reti- 
= cna. This gradient, which reflects the 
~~ Interaction of oxygen provided from 
the choroidal and retinal circulations 
with the demand within the neural 
retina, normally approaches zero near 
the photoreceptor cell layer.” Since 
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sickle cell retinopathy compromises 
the retinal circulation, this gradient 
might reach zero in this region, pro- 
ducing a state of relative hypoxia and 
leading ultimately to photoreceptor 
cell degeneration, or a functional defi- 
cit without frank degeneration, and 
subsequent a-wave amplitude reduc- 
tions. These a-wave results provide 
another distinction between the patho- 
physiologic mechanism underlying 
sickle cell retinopathy and that of 
CRVO. In sickle cell retinopathy, a- 
waves are reduced in amplitude but 
are normal in implicit time. This is 
consistent with a decreased number of 
photoreceptors contributing to the re- 
sponse but the maintenance of normal 
response characteristics for the photo- 
receptors that do contribute to the 
measured a-wave. In contrast, pa- 
tients with CRVO associated with NV 
may manifest delays of a-wave implicit 
time as well as amplitude reductions.’ 
The explanation for this observation 
has not been completely resolved, but 
may reflect alterations in the response 
characteristics of the photoreceptors 
contributing to the a-wave."” 

Does the ERG promise to be a useful 
clinical tool for the management of 
sickle cell retinopathy? With respect to 
identifying patients with NV, the ERG 
appears to have low sensitivity (proba- 
bility of an abnormal result in patients 
with NV) and low specificity (probabil- 
ity of a normal result in patients with- 
out NV). For example, dark-adapted 
a-wave amplitudes were reduced be- 
low the normal range in only 10 of 21 
patients with NV (sensitivity of 0.48), 
and were within the normal range for 
17 of 28 patients without NV (specific- 
ity of 0.74). Both of these measures are 
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Electroretinographic. a- a 
amplitude reductions were correlated 
with our measure of capill: 
fusion, suggesting that ERC 





































































using fluorescein angiography. 
the ganzfeld flash ERG may provide 
information regarding the functio 
status of the entire retina that is more 
comprehensive than that availab 
from anatomic measures of capilla lat 
perfusion from fluorescein angiogra- 
phy of restricted retinal regions. How- 
ever, further attempts to apply ERG 
measures to the study of sickle cell 
retinopathy might avoid comparison. 
across patients, given the relatively 
large intersubject variability of the. 
ERG. In contrast, serial recordings- 
made from the same individual are less 
variable than those made across sub- l 
jects. Therefore, reductions m ERG 
amplitude may be expected to reliably 
document the progression of capillary 
nonperfusion within individual ` 
patients. 
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è Superior oblique muscle paisy is a 
frequently encountered acquired muscle 
deficit accounting for vertical and tor- 
sional diplopia. There were two cases of 
residual isolated superior oblique palsy 
following anterior ethmoidal artery liga- 
tion for epistaxis, a finding not previously 
reported. The mechanism is suggested to 
be due either to direct trochlear damage 
_. by separation from the periosteum or to 
- localized hematoma formation beneath 
the periosteum with resultant fibrosis and 
displacement of the trochlea from its nor- 
mal apposition to the frontal bone. 
{Arch Ophthalmol.  1990;108:1110- 
1113) 


Arterial ligation to control epistaxis 
is a recognized treatment modal- 
ity with a low incidence of morbidity 
and mortality.’* When traditional an- 
terior and posterior nasal packing fails 
to control nasal bleeding or life- 
threatening hypotension develops, 
surgical ligation of the external ca- 
rotid artery, internal maxillary artery, 
or anterior ethmoidal artery has been 
advocated. Some authors believe that 
the combination of internal maxillary 
and ethmoidal artery ligation should 
be carried out when surgical ligation is 
indicated.” 
Transient diplopia following ante- 
rior ethmoidal artery ligation has pre- 
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viously been mentioned and is a well- 
recognized complication.* To our 
knowledge, the following case reports 
represent the first reported incidence 
of residual superior oblique muscle 
dysfunction following anterior eth- 
moidal artery ligation. These cases 
serve to illustrate this potential com- 
plication following surgery in the area 
of the superior oblique muscle, tendon, 
or trochlea. The symptoms and possi- 
ble mechanisms of the superior oblique 
dvsfunction are discussed. 


REPORT OF CASES 


CASE 1.—A 62-year-old white man pre- 
sented to the emergency department with 
posterior epistaxis. This was initially 
treated with a conventional posterior nasal 
pack, which controlled the bleeding for a 
few days. However, the patient began to 
bleed again with a drop in hematocrit level 
of 0.09. Subsequently, ligation of both the 
anterior ethmoidal and internal maxillary 
artery was performed. 

On the second postoperative day, the pa- 
tient complained of diplopia. One month 
postoperatively, the patient was evaluated 
by the ophthalmology service; he com- 
plained of diplopia while reading and was 
found to have a right superior oblique palsy. 
In primary position, he had an 8-prism di- 
opter (PD) right hyperdeviation, which in- 
creased to 12 PD on left gaze. On right head 
tilt, he had a right hypertropia of 12 PD 
with 2 PD of right hypertropia on left head 
tilt. Maddox wing demonstrated 5° of excy- 
clotorsion. Lancaster red/green test con- 
firmed the finding of right superior oblique 
paisy. Passive forced duction testing 
yielded normal results. 

The patient was observed over a 6-month 
period and had a reduction in right hyper- 
deviation that stabilized to 6 PD in primary 
gaze. 
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Superior Oblique Muscle Dysfunction Following 
Anterior Ethmoidal Artery Ligation for Epistaxis 


CASE 2,—A 37-year-old white man with a 
medical history of recurrent epistaxis pre- 
sented to the emergency department with 
posterior epistaxis; he was treated conser- 
vatively with a posterior nasal pack. How- 
ever, he continued to bleed, and he was 
taken to the operating room where ligation 
of the internal maxillary artery and ante- 


rior ethmoidal artery was performed. Fol- © 


lowing the procedure, he developed diplopia 
in all positions of gaze, but it slowly settled 
in the left upper field of gaze. He was found 
to have a right superior oblique palsy. 

By prism cover test with the left eve fix- 
ating, he had a right gaze hyperdeviation of 
8 PD, which increased to 30 PD on left gaze. 
On right head tilt he measured 20 PD of 
right hyperdeviation, while with left head 
tilt he had 2 PD of right hypertropia. Duc- 
tions and versions showed overaction of the 
right inferior oblique. Maddox wing showed 
14 PD of exotropia and 5 PD of right hyper- 
deviation with 3° of excyclotorsion; a dou- 
ble-Maddox rod test showed an excyclotor- 
sion of 5°. Passive forced duction testing 
yielded normal results. Again, the Lan- 
caster red/green test confirmed the finding 
of right superior oblique palsy with overac- 
tion of the right inferior oblique. 

The patient’s deviation stabilized and re- 
mained unchanged after 1 month. Three 
months after presentation to the ophthal- 
mology service, the patient underwent a 
denervation and myectomy of the right in- 
ferior oblique muscle. His symptoms dissi- 
pated with no excyclotorsion of hyperdevi- 
ation. In addition, his Lancaster red/green 
test normalized. 


COMMENT 


Severe epistaxis, especially in the 
elderly, carries a significant degree of 
morbidity and mortality. Conservative 


management consisting of hospitaliza- 


tion, sedation, and nasal packing may 
fail to control the nasal bleeding in 4% 
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to 8% of patients.**!! Nasal packing is 
not without risk and may produce the 
following: blood gas alteration, cardiac 
arrhythmias, cardiac ischemia, otitis 
and sinusitis, eustachian tube dysfunc- 
tion, aspiration, gram-negative septi- 
cemia, and extreme discomfort to the 
patient.” 

The nasal mucosa is supplied by 
branches of the internal and external 
carotid artery. The anterior superior 
mucosa is supplied by the anterior 
ethmoidal artery, a branch of the oph- 
thalmic artery (Fig 1). The posterior 
ethmoidal artery, also a branch of the 
ophthalmic artery, is usually small 
and thought to contribute little to the 
arterial supply of the nasal mucosa in 
most cases. The posterior inferior por- 
tion of the nasal mucosa is supplied by 
the terminal branches of the internal 
maxillary artery, specifically, the 
sphenopalatine artery. The branches 
of the sphenopalatine artery may 
anastomose with branches of the facial 
artery in the area of Kiesselbach’s tri- 
angle within the nose. Localizing the 
area of bleeding within the nose may 
be extremely difficult. Hence, when ar- 
terial ligation is then undertaken, li- 
gation of both the internal maxillary 
artery and the anterior ethmoidal ar- 
tery is advocated by some surgeons.*” 

Transantral ligation of the internal 
maxillary artery within the pterygo- 
palatine fossa is a well-recognized pro- 
cedure and is described extensively in 
the literature.'* Complications of 
pterygopalatine fossa surgery have 
been the following: persistent facial 
numbness in the distribution of the 
infraorbital nerve, pain, epiphora sec- 
ondary to nasolacrimal duct narrow- 
ing, xerophthalmia secondary to de- 
nervation of the lacrimal gland, and 
maxillary sinusitis.'*!° One case of 
blindness and total ophthalmoplegia 
was attributed to the use of oxidized 
cellulose within the pterygomaxillary 
space, which swelled postoperatively.’® 
A case of transient extraocular muscle 
dysfunction of unknown origin was re- 
ported after vidian nerve sectioning 
within the pterygopalatine fossa for 
vasomotor rhinitis.'* 

Since the first description of ante- 
rior ethmoidal artery ligation ap- 
peared in the literature in 1937, much 
has been written about the effective- 
ness of this procedure and the ease 
with which it is performed. After the 
patient receives local or general anes- 
thesia, a curved incision is made me- 
dial to the medial canthal ligament 
and extended toward the brow (Fig 2). 
The incision is carried down through 
the periosteum, which is elevated lat- 
erally to expose the anterior ethmoidal 
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Fig 1.—View of left orbit from above demonstrating site of ligation of anterior ethmoidal artery and 
vascular supply. The arrow demonstrates the approach anteriorly for ligation. 
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Fig 2.—lllustration demonstrating a site of Lynch incision. 
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Fig 3.—Exposure gained through Lynch incision to gain access to the anterior ethmoidal arteries. 


Muscle Dysfunction—Couch et al 1111 








Torn 
Trochlea 





Fig 4.— View of left orbit from above illustrating a torn trochlea interfering with superior oblique 


function. 
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Displacement of 
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Fig 5.—lllustration of left orbit from above showing site of hematoma, which may interfere with su- 
perior oblique function. 


artery. The artery is then ligated or 
clipped with a neurosurgical clip (Fig 
3). Reapproximation of the periosteum 
to the bone and closure of the skin in- 
cision is then carried out. 

Review of the literature reveals that 
the reported complications of anterior 
ethmoidal artery ligation have been 
few. In one series, one case of bilateral 
palpebral hematomas and one minor 
stitch abscess were the only com- 
plications.” In another report, one case 
of a retrobulbar hematoma occurred 
after the lateral ligature fell off the 
anterior ethmoidal artery, allowing 
the artery to retract and bleed within 
the periorbital covering.” Two early 


case reports cited in the literature 
mention transient diplopia, which 
later resolved.'* No reports of residual 
superior oblique muscle dysfunction 
after anterior ethmoidal artery liga- 
tion have been previously cited. 
Superior oblique muscle palsy is a 
frequently encountered acquired ex- 
traocular muscle deficit accounting for 
vertical and torsional diplopia. Closed 
head trauma was the most common 
cause reported in one series.'° Superior 
oblique paresis after surgery in the 
superior orbital region has been de- 
scribed following blepharoplasty, pto- 
sis repair, and ethmoidectomy.'?”° 
The two cases cited in this report 
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fulfill the requirements for isolated 
superior oblique palsies as demon- 
strated by the following three-step 
test. First, the affected side was hy- 
pertropic. Second, the hypertropia in- 
creased when the affected eye was ad- 
ducted. Third, a positive Bielschowsky 
head tilt test result revealed that the 
deviation was increased when the head 
was tilted toward the side of the 
paretic superior oblique muscle. Lan- 
caster red/green testing supported the 
clinical findings. 

The mechanism of the superior ob- 
lique muscle dysfunction following an- 
terior ethmoid artery ligation is un- 
known. Vascular, neurologic, or me- 
chanical origins are possible. 

A vascular insult rendering the su- 
perior oblique muscle ischemic and 
dysfunctional is unlikely from ante- 
rior ethmoid ligation alone. However, 
could the possibility exist that ligation 
of the terminal branches of the inter- 
nal maxillary artery, as was done in 
each of these cases, is responsible for 
extraocular muscle dysfunction? Or- 
bital branches do arise from the inter- 
nal maxillary artery. These orbital 
branches are thought to supply the in- 
ferior rectus and inferior oblique mus- 
cles, however, and are probably not 
able to be implicated in the dysfunc- 
tion of the superior oblique muscle. In 
addition, the rich anastomoses of these 
vessels with the muscular branches of 
the ophthalmic artery make it unlikely 
that their occlusion would render any 
of the extraocular muscles ischemic or 
dysfunctional for any period. 

The possibility that the trochlear 
nerve is somehow injured also exists. 
The long course of the fourth cranial 
nerve makes it susceptible to injury. In 
the case of anterior ethmoid ligation, 
one might postulate that the forma- 
tion of a hematoma in the posterior 
orbit, postoperatively, may impinge on 
the structures entering through the 
superior orbital fissure. If this were 
the case, however, it is difficult to 
explain why the oculomotor nerve and 
the ophthalmic division of the trigem- 
inal nerve would escape damage, since 
both are firmly adherent to the troch- 
lear nerve as these structures pass 
through the superior orbital fissure. 

Another possible mechanism of the 
superior oblique muscle dysfunction is 
due to mechanical alteration of the su- 
perior oblique muscle or the trochlea. 
As stated previously, during exposure 
of the anterior ethmoidal artery, the 
periosteum is elevated. During eleva- 
tion of the periosteum, the trochlea in 
the trochlear groove of the frontal 
bone is also elevated. The location of 
the anterior ethmoidal arteries varies 
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Fig 6.—Left orbit seen from above demonstrating displaced periosteum in trochlea. 


from orbit to orbit.” Thus, the extent 
of periosteal elevation and exploration 
will vary from case to case. It is possi- 
ble that during this manipulation, the 
trochlea is separated from the perios- 
teum or torn in such a way that the 
superior oblique muscle would then be 
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dysfunctional, even if the periosteum 
were approximated to the bone at the 
end of the case (Fig 4). 

A second mechanical explanation is 
that due to localized hematoma for- 
mation, either from a leaking anterior 
ethmoidal artery or from a tributary, 
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the bone (Fig 5). The initial fluctua- 
tions in the measurements of the devi- 
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resolution of the hematoma. With re- 
sultant resorption and fibrosis, if the 
periosteum is not reapproximated in 
such a way that the trochlea is in 
proper position (Fig 6), residual diplo- 
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anterior ethmoidal artery ligation. 

Otolaryngologists and ophthalmol- 
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intervention. 
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Ocular Findings in Oculodermal Melanocytosis 


Chaiwat Teekhasaenee, MD; Robert Ritch, MD; Uthai Rutnin, MD; Nisit Leelawongs, MD 


e We examined 194 patients with ocu- 
lodermal melanocytosis. Dermal involve- 
ment alone was present in 67 (34.5%) 
patients, while 12 (6.2%) had only ocular 
involvement. The remaining 115 (59.3%) 
patients had both ocular and dermal pig- 
mentation. Dermal hyperpigmentation in 
the combined distribution of the ophthal- 
mic and maxillary divisions of the trigem- 
inal nerve and hyperpigmentation of the 
nasal or buccal mucosa were closely 
associated with ocular involvement. Oc- 
ular hyperpigmentation most commonly 
involved the episclera. Associated ocular 
findings included elevated intraocular 


() culodermal melanocytosis (ODM) 
(nevus of Ota; congenital ocular 
melanocytosis) consists of hyperpig- 
mentation of the facial skin and mucous 
membranes in the distribution of the 
ophthalmic, maxillary, and occasional- 
ly the mandibular divisions of the tri- 
geminal nerve.’ There are three possi- 
ble patterns of hyperpigmentation. In 
the complete syndrome, both the skin 
and the eye are involved. In about one 
third of cases, dermal involvement 
may occur without ocular involvement. 
A smaller number of patients have 
only ocular involvement, sometimes 
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pressure with or without glaucoma 
(10.3%), uveitis (2.6%), cataract (1%), 
asymmetric cupping of the optic nerve 
head unassociated with glaucoma 
(9.8%), and orbital melanoma (0.5%). The 
most serious complication of oculoder- 
mal melanocytosis is malignant transfor- 
mation, while glaucoma appears to be 
the more common one. Patients with 
oculodermal melanocytosis and ocular 
hyperpigmentation should be followed 
up at regular intervals for the develop- 
ment of either of these complications. 

(Arch Ophthalmol. 1990;108:1114- 
1120) 


termed ocular melanocytosis (OM), or 
melanosis oculi. The term congenital 
ocular melanocytosis includes patients 
with either ocular involvement alone 
or both ocular and dermal involve- 
ment.’ The ocular findings in OM and 
ODM are identical clinically and 
histopathologically.*’ 

The melanocytosis occasionally af- 
fects the ipsilateral orbital tissues and 
may extend beyond the orbit to involve 
meninges and brain.” Malignant mela- 
noma of the uveal tract,*” 
bit,“ and central nervous system 
has been described in association with 
ODM. 

Approximately 700 cases of ODM 
have been reported in the world litera- 
ture. However, many of these have 
been published in the dermatologic lit- 
erature and descriptions of ocular find- 
ings are often scanty or incomplete. 
There are few reports describing de- 
tailed ocular findings in this condition. 
The largest series in the ophthalmolog- 


skin,” or- 


16,17 


ic literature is that of Gonder et al,” 
who described retrospectively the 
findings in 33 patients. Since this dis- 
order is relatively common in Thai- 
land, we had the opportunity to exam- 
ine prospectively 194 previously 
undescribed patients and to study the 
spectrum of manifestations. 


PATIENTS AND METHODS 


We examined 194 consecutive Thai pa- 
tients presenting with ODM at Ramathi- 
bodi Hospital, Bangkok, between Decem- 
ber 1986 and September 1989. All patients 
were seen at least once by one of us (C.T.). 
All patients underwent complete ophthal- 
mologic examination, including refraction, 
external examination, slit-lamp biomicros- 
copy, applanation tonometry, gonioscopy, 
and dilated ophthalmoscopy. The presence 
or absence of hyperpigmentation of the 
conjunctiva, episclera, cornea, iris, anterior 
chamber angle, lens, choroid, and optic 
nerve head were recorded. Detailed draw- 
ings of the iridocorneal angles were made 
for each patient illustrating the degree and 
extent of melanocytic pigmentation. 

A standardized form was used to record 
patient age, sex, race, medical and family 
histories, age at onset, progression of der- 
mal pigmentation, color, and distribution of 
the hyperpigmentation. The dermal pig- 
mentation was graded as follows according 
to the classification proposed by Tanino“ 
(Fig 1): 

1. Type 1 with four subtypes: A (mild 
orbital type), distribution over the upper 
and lower eyelids and periocular and temple 
regions; B (mild zygomatic type), pigmenta- 
tion is found between the infrapalpebral 
fold and the nasolabial fold and over the 
zygomatic region; C, mild forehead type; 
and D, ala nasae type. 

2. Type 2 (moderate type): distribution 
over the upper and lower lids, periocular 
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Fig 1.—Classification system of oculodermal melanocytosis proposed by Tanino. 


and zygomatic regions, cheek, and temple. 

3. Type 3 (intensive type): the lesion 
involves the scalp, forehead, eyebrow, and 
nose. 

4. Type 4: bilateral type (not illustrated). 

The oral and nasal cavities were exam- 
ined for hyperpigmentation. The distribu- 
tion of the pigmentation was also mapped 
according to the cutaneous sensory innerva- 
tion of the trigeminal nerve (Fig 2). Exter- 
nal photography was performed on all 
patients. 


RESULTS 


There were 147 women and 47 men. 
Their ages at the time of initial exami- 
nation ranged from 4 months to 84 
years (average, 30.2 years). Dermal 
involvement alone was present in 67 
(34.5%) patients. Twelve (6.2%) pa- 
tients had only ocular involvement. 
The remaining 115 (59.3%) patients 
had both ocular and dermal pigmenta- 
tion. Of the 127 patients with ocular 
involvement, 7 had bilateral pigmenta- 
tion. Of the 6 with bilateral dermal 
pigmentation, 1 had bilateral ocular 
involvement. One patient had bilateral 
ocular pigmentation only. 


Onset and Progression 


enAbnormal pigmentation had 

noted at birth in 139 (84.8%) of the 164 
patients for whom these data were 
_ available, while its appearance was 
uncommon after age 5 years (Table 1). 
Interestingly, 2 patients noted the on- 
set of hyperpigmentation following a 
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minor contusion injury: 1 after a ther- 
mal burn, and the other after sunburn. 
Most patients felt that the extent of 
the lesion increased with age, while 
many reported that its density in- 
creased during menstruation and preg- 
nancy, and varied irregularly with 
emotion and insomnia. Three patients 
noticed a slight decrease in the density 
of the hyperpigmentation with age. 


Family History 


Fourteen patients had a family his- 
tory (12 families) of ODM. Two frater- 
nal twins were affected in the opposite 
eyes. Two cousins with ODM devel- 
oped uveitis with secondary glaucoma 
in the pigmented eyes. 


Skin and Mucosae 


The dermal pigmentation was of var- 
ious hues of brown, blue, or black and 
consisted of nonhairy, flat, pigmented 
macules with poorly defined bound- 
aries. Deeper lesions appeared bluish 
and confluent, while superficial ones 
were dark brown, isolated patches, 
occasionally arranged in reticular or 
geographic patterns. Superficial, dark- 
er, pigment mottling was often super- 
imposed on the deeper pigmented 
area. 

We categorized the dermal pigmen- 
tation according to the Tanino” classifi- 
cation and also according to the cutane- 
ous sensory innervation of the 
trigeminal nerve (Table 2). Tanino 
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types 1B (zygomatic distribution), 2, 
and 3 were most common. The propor- 
tion of patients with ocular involve- 
ment was less among those patients 
with type 1B (36.2%) than among those 
with type 2 (61.5%) or 3 (94.2%). The 
latter two correspond to a trigeminal 
distribution along both V, and V,, with 
more extensive dermal involvement in 
the latter. There was a trend toward 
greater prevalence of ocular involve- 
ment among patients with type 1A 
(66.7%) than with type 1B, but this did 
not reach significance. Hyperpigmen- 
tation of the tip of the nose occurred in 
22 patients, 19 (86.4%) of whom had 
ocular involvement. Of these patients, 
9 had Tanino type 2, 9 had type 3, 3 
had type 4, and 1 had type 1B. The 3 
patients without ocular involvement 
had type 2. Using the trigeminal classi- 
fication, all patients with involvement 
of the tip of the nose had involvement 
of both V, and V,. Involvement of the 
tip of the nose only did not occur in our 
series. 

Nine patients had melanocytosis of 
the nasal mucosa, 18 of the oral muco- 
sa, and 8 additional patients had both. 
Fourteen patients with nasal melano- 
cytosis and 23 with oral involvement 
had ocular hyperpigmentation. All 8 
patients who had both oral and nasal 
involvement had ocular hyperpigmen- 
tation. Oral melanocytosis always oc- 
curred in the palate. One patient had 
hyperpigmentation of both tongue and 
palate. 
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Fig 2.—Cutaneous distribution of the trigemi- 
nal nerve. 


Table 1.—Onset of 
Hyperpigmentation 


No. of Patients 
(n = 194) 






Unavailable 





Ocular Hyperpigmentation 


Conjunctiva and Tarsus. — As 
shown in Table 3, only 12 (9.4%) of 127 
patients with ocular involvement had 
definite patchy, melanocytic hyperpig- 
mentation of the bulbar conjunctiva 
(Fig 3). Tarsal hyperpigmentation oc- 
curred in 15 (11.8%) patients, usually 
as linear groups of hyperpigmented 
spots along the lid border extending 
across the lid margin to blend with 
dermal hyperpigmentation. 

Episclera.— Virtually all patients 
with OM exhibited episcleral hyperpig- 
mentation as a minimal change. The 
lesions appeared as discrete, bluish, 
fusiform spots underlying normal con- 
junctiva. These often appeared as con- 
fluent, dark, mottled patches. They 
occurred randomly on the globe with- 
out any specific preferential site and 
occasionally affected the limbus. Occa- 
sionally, episcleral hyperpigmentation 
formed a dark band around the limbus. 
No matter how broad or dense the 
pigmented patches, scattered fusiform 
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Tanino Classification, 
Type/No./OM, No. (%) 


1A/ 15/10 (66.7) 
1B/47/17 (36.2) 
1C/6/2 (33.3) 





V,/10/5 (50) 


2/54/32 (59.3) 
3/54/49 (90.7) 


* OM indicates ocular melanocytosis. 


Table 3.—Frequency of Ocular 
Tissue Involvement 


No. of 
Eyes Involved 
Tissue (n = 127) 


Conjunctiva 
Tarsus 
Episclera 
Cornea 
Melanocyftic infiltration 
Pigment dusting 
lris 
Total 
Sectoral 
Lens 
Anterior chamber angle 
Choroid 
Optic disc 


spots were always visible along the 
periphery of the lesions. 

Episcleral blood vessels traversing 
the pigmented lesions were usually 
separated from the surrounding pig- 
mentation by perivascular stripes (Fig 
4). However, in some cases with heavy 
pigmentation, the blood vessels were 
not visualized. 

Cornea. — Melanocytosis occurred in 
the epithelial, stromal, and endothelial 
layers of the cornea. On high magnifi- 
cation, individual dendritic spots were 
clearly visualized (Fig 5). In addition, 
16 (12.6%) of 127 patients with ocular 
involvement had ipsilateral fine pig- 
ment dusting on the central endothelial 
surface, which appeared similar to a 
Krukenberg spindle. 

Iris.— Melanocytic infiltration of the 
iris manifesting clinically as hetero- 
chromia iridis was present in 113 eyes 
of 111 of the 127 patients with ocular 
involvement. This was almost always 
(108 [95.6%] of 113) accompanied by 
involvement of the adjacent anterior 
chamber angle. Iris involvement was 
generalized in 103 (91.2%) eyes and 
sectoral in 10 (8.8%) (Fig 6). The in- 
volved iris either appeared uniformly 
darkened and thickened with obscured 
crypts and radial folds, or had numer- 


Table 2.—Dermal and Mucosal vs Ocular Hyperpigmentation In Oculodermal 
Melanocytosis * 


Trigeminal Classification, 
Type/No./OM, No. (%) 


V,/72/28 (38.9) 

V, + V,/ 109/85 (80) 
SRS TET 

V: + V,;=/0/0 


4/6/5 (86.7) 














Mucosae (n) Type, No. (%) 










Nasal (9) 6 (66.7) 
Oral (18) 15 (83.3) 
Both (8) 8 (100) 











Fig 3.—Conjunctival pigmentation. Underly- 
ing episceral pigmentation can be seen as 
darker patch below. 





Fig 4.—Episcleral hyperpigmentation show- 
ing striping resulting from absence of perivas- 
cular pigmentation. 


ous stellate granules on a normal-ap- 
pearing surface. 

Pupil.—As a rule, the pupil on the 
affected side responded poorly to phar- 
macologic dilation. Anisocoria with the 
smaller pupil in the involved eye was 
present in 20 patients. Direct and con- 
sensual light reflexes were normal in 
both eyes. Six patients had a hypertro- 
phic pupillary ruff. 

Lens.—Discrete fusiform clumps 
containing dark pigment occurred on 
the anterior lens surface in 10 patients. 
These were sometimes arranged in a 
circular pattern (Fig 7). They did not 
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Fig 5.—Top, Corneal stromal (sharply de- 
marcated). Bottom, Endothelial (patchier) 
melanocytosis. 





Fig 6.—Sectoral iris melanocytosis. 


extend posteriorly to the lens equator 
and never involved the cortex. 

Ipsilateral congenital cataract oc- 
curred in a child with congenital glau- 
coma. Another child had bilateral con- 
genital cataracts in both the 
hyperpigmented and nonpigmented 
eyes. 

Anterior Chamber Angle.—All but 
three patients with bilateral angle-clo- 
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Fig 7.—Lenticular melanocytosis. 


Fig 8.—Top, Dense iris processes and pig- 
ment deposition in the inferior iridocorneal 
angle of a patient with oculodermal melano- 
cytosis and ipsilateral open angle glaucoma. 
Bottom, Inferior iridocorneal angle of an eye 
with oculodermal melanocytosis showing 
scattered iris processes and an overlying 
patch of pigment deposition. 


sure glaucoma had open angles. Hy- 
perpigmentation of the angle almost 
always accompanied that of the adja- 
cent iris. Numerous pigmented iris 
processes and a dark ciliary body band 
were always present in the involved 
angle. The trabecular meshwork was 
either pigmented or covered by pig- 
mented iris processes (Fig 8). In cases 
with total angle involvement, the pig- 
mentation was always heaviest in the 
inferior angle. 
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Table 4.—Associated Ocular Findings 
No. of 
Patients 









Elevated intraocular pressure 20 
Cataract 2 
Orbital melanoma 1 
Refractive amblyopia 3 
Congenital macular scar 1 








Table 5.—Types of Glaucoma 


Types No. of Patients 


Open angle 14 














Ocular hypertension 7 
Open angle glaucoma 2 
Uveitis 5 
Congenital glaucoma 3 
Acute angle closure 3 






Table 6.—Associated Systemic 
Conditions 


No. of 


Condition Patients 
Neurofibromatosis 


Klippel-Trenaunay-Weber 
syndrome 


Athetosis 


Vogt-Koyanagi-Haroda 
syndrome 


Hurler syndrome 





Fig 9.—Top, Patient with bilateral oculoder- 
mal melanocytosis and bilateral Klippel-Tren- 
aunay-Weber syndrome who developed uni- 
lateral late congenital glaucoma in the left 
eye. Bottom, Patient with bilateral Klippel- 
Trenaunay-Weber syndrome and unilateral 
oculodermal melanocytosis with congenital 
glaucoma. 


Fundus. — Hyperpigmentation of 
the choroid and the presence of numer- 
ous iris processes consistently accom- 
panied hyperpigmentation of the ante- 
rior chamber angle. Ophthalmo- 
scopically, the fundus was visualized as 
a uniform dark background that ap- 
peared striking when compared with 
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-the contralateral eye. The hyperpig- 
- mentation could be generalized or sec- 
toral. Two patients had a choroidal 
nevus. 

< Optic Nerve Head. —Optic disc pig- 
‘mentation occurred in 23 (18.1%) pa- 
‘tients with ocular involvement, usually 
at the site of entry and exit of the 
“central vessels or near the disc margin. 
Asymmetry of the cup-to-dise ratio of 
> greater than or equal to 0.2, with the 
< larger ratio being present in the hyper- 
- pigmented eye, was present in 19 pa- 
tients who did not have elevated in- 
traocular pressure (IOP), or 15.0% of 
the patients with ocular involvement. 
One of these patients was anisometro- 
pic. Static threshold perimetry and 
diurnal measurements of the IOP 
failed to reveal evidence of glaucoma in 
any of these patients. 

Associated Ocular Conditions. — 
Twenty (10.38%) of the 194 patients had 
elevated IOPs with or without glauco- 
ma (Tables 4 and 5). There was no 
correlation of refractive error with any 
type of glaucoma and only 5 patients 
had any degree of myopia. Two pa- 
tients had congenital cataracts. One of 
them had ipsilateral cataract and glau- 
coma. The other had bilateral congeni- 
tal cataract. One patient had orbital 
malignant melanoma at the time of 
initial examination. Two patients were 
anisometropic in the involved eye, one 
with 10 diopters (D) of myopia and the 
other with 6 D of hyperopia. One pa- 
tient had high myopia (— 19.00 D) with 
amblyopia in the uninvolved eye. One 
patient had a unilateral congenital 
macular scar in the involved eye. 
Associated Systemic Conditions. — 
Three patients also had neurofibroma- 
tosis; two had Klippel-Trenaunay-We- 
ber syndrome (Table 6 and Fig 9); one 
had athetosis of the facial muscles, 
tongue, and upper extremities; and 
one had Hurler syndrome. One of our 
patients with uveitis and glaucoma was 
later diagnosed as having Vogt-Koyan- 
agi-Harada syndrome. 


COMMENT 


Oculodermal melanocytosis is a con- 
genital disorder first described as a 
distinct clinical entity by Ota‘ in 1939. 
It consists of benign, diffuse or circum- 
seribed, hyperpigmented cell rests of 
neural crest origin present on the 
globe and facial skin, and has been 

thought to. result from the failure of 
igmented cells of neural crest origin 
o reach surface structures.” The me- 
anocytosis : may also affect the oral and 
jasal. mucosae, ‘external: auditory ca- 
1a ympanic membrane, orbital tis- 
ues, ones and brain.’ It occurs in 
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all races, but is most commonly found 
in Orientals.” 

Dermal involvement may occur 
without ocular involvement and, less 
commonly, only the eye may be af- 
fected. When ocular hyperpigmenta- 
tion alone is present, the condition has 
been termed melanosis oculi, while 
the eponym nevus of Ota has been 
used when only dermal involvement is 
present. The term congenital ocular 
melanocytosis includes those patients 
with either ocular involvement alone 
or both ocular and dermal involve- 
ment.’ 

Fitzpatrick et al’ first proposed the 
term oculodermal melanocytosis for 
nevus of Ota and ocular melanocytosis 
for melanosis oculi. The term nevus of 
Ota has been applied to patients with 
both dermal involvement and ocular 
and dermal involvement. Since all 
three variations involve a neural crest 
abnormality of the distribution of the 
trigeminal nerve, it seems appropriate 
to use the term oculodermal melano- 
cytosis for the entire spectrum. 

Although the dermal hyperpigmen- 
tation is usually congenital, it may 
develop or become noticeable only lat- 
er in life. Hidano et al” reported two 
peaks of onset, one during the first 
year of life and the second in the 
second decade. Most of our patients 
had abnormal pigmentation at birth, 
and only 8 patients noted its onset 
after age 10 years. These data are 
based on subjective reports and it is 
possible that subtle manifestations at 
birth were not noted by the patients’ 
families. Oculedermal melanocytosis 
has been reported to develop following 
trauma and sunburn. ”” Stress and 
trauma may be accompanied by in- 
creased secretion of propiomelanocor- 
tin, a precursor of melanocyte-stimu- 
lating hormone. Under these 
conditions, an unnoticed small cell rest 
could be stimulated to enlarge. 

Hidano et al” found ODM five times 
more frequently in women than in 
men. However, this ratio might not 
represent that found in the general 
population, since their patients were 
from a dermatology clinic and many 
presented because of cosmetic prob- 
lems. In our series, in which fewer 
patients presented because of cosmetic 
problems, ODM occurred only twice as 
commonly in women. Of the 12 pa- 
tients with ocular pigmentation only, & 
were men. We suggest that the inci- 
dence of ODM is equal in men and 
women, but that endocrine factors may 
lead to greater prominence of the le- 
sion in women and that women are 
more likely to present with ODM as a 
chief complaint. 
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Although ODM is generally consid- 
ered not to be hereditary, its occur- 
rence among relatives has been report- 


ed.°" Familial transmission 
reported in a consanguineous family. 
Fourteen of our patients with ODM 
had a positive family history of the 
disorder. Two of these were fraternal 
twins who developed ocular hyperpig- 
mentation in the opposite eyes. Genet- 
ic transmission appears to play a role 
in ODM, but its exact nature remains 
to be established. 

The reported prevalence of ocular 
hyperpigmentation in patients with 
dermal involvement has ranged from 
22% to 61.3%." In patients with ex- 
tensive dermal lesions, ocular involve- 
ment is as high as 76.6%.” Again, 
these studies represented patients in 
dermatology clinics, many of whom did 
not undergo complete ocular examina- 
tions. Of our 182 patients with dermal 
hyperpigmentation, ocular involve- 
ment occurred in 115 (63.1%). 

When the dermal hyperpigmenta- 
tion was classified according to Tan- 
ino’s system, ocular involvement was 
most common in type 3 (90.7%). When 
classified by cutaneous sensory inner- 
vation, it occurred most frequently in 
patients with combined nerve V, and 
V, involvement (80%). All patients 
with hyperpigmentation of both palate 
and nasal mucosa had ocular involve- 
ment. These structures are innervated 
by V.. 

Episeleral hyperpigmentation is usu- 

ally misinterpreted as being situated in 

the conjunctiva. Conjunctival pigmen- 
tation usually appears brown and mov- 
able, while that in the episclera is 
bluish and fixed. Slit-lamp biomicros- 
copy and a cotton-tipped applicator 
assist in localization. Using this tech- 
nique, we found less conjunctival in- 
volvement than has been reported in 
other series. 

Ocular involvement was sectoral in 
9.0% of the affected eyes. The involved 
segment included episclera, cornea, 
iris, anterior chamber angle, and cho- 
roid. Previous studies have reported 
the episcleral hyperpigmentation to oc- 
cur commonly on the superior and tem- 
poral portions of the globe and never 
extend to involve the limbus.” Howev- 
er, we found that it occurred variably 
on the globe without a specific prefer- 
ential site and involved the limbus in 
several patients (Fig 4). These melano- 
eytic lesions should be carefully distin- 
guished from physiologic pigmented 
spots (nerve loop of Axenfeld) that 
normally occur at the sites of emissary 
vessels. 

Corneal epithelial pigmentation has 
been believed to result from melano- 
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cyte migration from the adjacent con- 
junctiva.~ The corneal endothelium 
and stromal fibroblasts are of neural 
‘erest origin.” Deep stromal pigmenta- 
tion anterior to Descemets membrane 
“~~ causing sufficiently decreased visual 
© acuity as to require penetrating kera- 
=- toplasty has been reported.” Sixteen 
of our patients had ipsilateral central 
corneal endothelial dusting similar in 
appearance to a Krukenberg spindle. 
Since there were no peripheral iris 
transillumination defects or other 
signs of pigmentary dispersion syn- 
drome, we believe that the abnormal 
: -melanocytes are the origin of this pig- 
m™ ent. The heavier pigmentation of the 
erior angle compared with other ar- 
=i eas also probably results from deposi- 
=> tion of released pigment particles. 
~. On ultrastructural examination of 
the iris of a patient with ODM, Rennie 
and Bleehen” found abnormal macro- 
melanosomes in the cytoplasm of stro- 
mal melanocytes, which are of neural 
crest origin, and which they felt to 
represent a basic defect of 
melanogenesis. 

As a rule, the pupil in the eye with 
the hyperpigmented iris tended to be 
smaller than that of the uninvolved eye 

~ in ambient illumination and responded 
less well to pharmacologic dilation. We 
-7 know of no evidence for abnormalities 
~ of either the sphincter or dilator mus- 
< >cceles or innervation to the iris in this 
_ disorder and feel that this observation 
. is best explained by increased thick- 
<. ness and density of pigment in the iris 
- stroma. Comparing African and Euro- 
pean subjects, Emiru” found that the 
densely pigmented irides of Africans 
take longer to begin to dilate and to 
attain full dilation. 

Pigmentation of the angle appears to 
arise from both melanocytic infiltration 
and pigment dispersion. The latter 

source is supported by the findings of 
central corneal endothelial dusting 
similar to a Krukenberg spindle, the 
-fact that the inferior angle always had 
-the greatest pigmentation, and the 
presence of pigment deposits in the 
inferior angle superimposed on the me- 
`- lanoeytic pigmented iris processes and 
trabecular meshwork. 
Glaucoma has been reported in asso- 
ciation with ODM.’** However, the 
mechanism of the glaucoma and the 
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exact relationship to the ODM in many 
of these cases were unclear. Twenty 
(10.38%) of our patients had elevated 
IOPs. Congenital glaucoma, open an- 
gle glaucoma, ocular hypertension, 
acute uveitic glaucoma, and angle-clo- 
sure glaucoma were five clinical pre- 
sentations. Three of these patients had 
bilateral angle-closure glaucoma and 
unilateral ocular hyperpigmentation. 
The glaucoma in these patients was 
felt to be incidental to the ODM. All 
but the three patients with angle-clo- 
sure glaucoma developed elevated IOP 
in the more pigmented eye. The re- 
maining 17 patients represent 13.4% of 
all patients with ocular involvement. 

Nineteen additional patients had a 
larger cup-dise ratio in the hyperpig- 
mented eye. However, axial length 
measurements performed in 10 of 
these patients revealed symmetric 
variables. The detailed description of 
these patients has been reported 
separately.” 

Single case reports of retinitis pig- 
mentosa,” congenital cataract with up- 
per extremity hemiatrophy,* Duane 
syndrome,” and angioid streaks” have 
been reported in patients with ODM. 
Additional associated findings in our 
patients included a congenital macular 
scar of unknown origin in the involved 
eye; congenital cataracts without sys- 
temic findings in two patients; and 
ipsilateral cataract and glaucoma in 
one patient. An additional patient had 
congenital cataracts in both pigmented 
and nonpigmented eyes. It appears 
that, in the absence of more confirma- 
tory evidence, these represent chance 
associations. 

Both neurofibromatosis” and Klip- 
pel-Trenaunay-Weber syndrome” have 
previously been reported in association 
with ODM. Multiple phakomatoses, al- 
though uncommon, have been report- 
ed, and share a common site of origin 
in the neural crest. Hurler and Vogt- 
Koyanagi-Harada syndromes have not 
been previously associated with ODM. 
Cranial abnormalities and facial hemia- 
trophy have also been previously de- 
scribed in association with ODM, but 
were not observed in our series.”” 
There have been a number of reports 
of neurologic defects in ODM in the 
absence of malignant melanoma. ”” 
One of our patients had athetosis of 
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oan with an pee incidel 
of uveal melanomas. "=*= In add 
tion, melanomas of the skin,” ee o 
bit, Hash and central nervous system,’ 
have been reported. It is: generally 
recommended that patients with this 
disorder should be periodically ok 
served for malignancy. Malignant 
transformation of melanocytic. lesions 
rarely occurs in orientals."* Revi 
ing all reported cases in the literature 
Dutton et al” estimated the incidenc 
of malignancy in such lesions afte 
adjustment for race to be 25% for 
whites, 1% for blacks, and 0.5% for 
orientals. The authors stressed that 
the incidence for whites is probably 
high, as uncomplicated cases of ODM 
are much more likely to go unreported. 
One (0.5%) patient with ODM in our 
series developed orbital malignant © 
melanoma without ocular involvement. 

Ipsilateral sensorineural hearing 
loss was reported in a patient with 
ODM who had a pigmented ear canal 
and tympanic membrane.” A causal 
association was hypothesized. One of 
our patients with unilateral ODM de- 
veloped bilateral sensorineural hearing 
loss, but otolaryngologic examination 
failed to detect inner ear pigmentation. 
This patient later developed Vogt- 
Koyanagi-Harada syndrome. No pa- 
tient had an obvious ipsilateral hearing 
deficit. However, since we did not 
perform audiometry in our series, pa- 
tients with mild hearing losses could 
have gone undetected. 

In summary, ODM involves the eye 
in approximately two thirds of cases. 
Although the most serious complica- 
tion of ODM is malignant transforma- 
tion, the most common complication is 
elevated IOP with or without glauco- 
ma, which occurred in 10% of our 
patients. Patients with ODM and ocu- 
lar hyperpigmentation should be fol- 
lowed up at regular intervals for the 
development of either of these _ 
complications. hee 
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< | è- Eighteen patients developed an 
acute corneal decompensation following 

i- intraocular surgery (cataract ex- 
ction in 17 patients), characterized by 
ped endothelial folds, a twofold 
n.corneal thickness, and a visu- 
acuity of counting fingers during sev- 
ostoperative days. in some cases, 
was an additional iritis and tran- 
lent hypotony. There was no effect of 
pical and/or subconjunctivai cortico- 
‘steroids on the course of the decompen- 
ation. Endothelial morphometric analy- 
is showed a mean endothelial cell loss 
of 72%. Endothelial wound healing, as 
etermined by coefficient of variation 
-. and percentage hexagonals, stabilized 6 
=. months postoperatively. We coined the 
: Jorm tonie endothelial cell destruction tor 































7 From April 25 through 28, 1988, s 

<= unexpected and unexplained cases 
`. of corneal decompensation occurred in 
our department after five seemingly 
uncomplicated cataract extractions and 
-one trabeculectomy combined with vi- 





See also p 1158. 





tomy The operating room was 
on April 29 to intraocular sur- 
-Further evaluation showed that 
-in the preceding 8 weeks apparently 
ae ‘similar postoperative compbcaucus 
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had occurred in another nine intraocu- 
lar operations. Because these nine 
cases were spread over 8 weeks and 10 
surgeons, the staff was not aware of 
the problem. 

The postoperative corneal decom- 
pensation had several unique aspects 
that make it a separate clinical entity. 
We coined the term toxic endothelial 
cell destruction (TECD) for this syn- 
drome. To our knowledge, it has not 
been described before. We report 
herein the clinical features of this 
TECD syndrome and some investiga- 
tions that led to the discovery of its 
probable cause. A full laboratory eval- 
uation of the possible causes is report- 
ed separately.’ 


REPORT OF CASES 


CASE 1.—A 56-year-old healthy woman 
(patient 14) underwent extracapsular cata- 
ract extraction with implantation of a poste- 
rior chamber intraocular lens in the left 
eye. In 1987, she had undergone extracap- 
sular cataract surgery of the right eye with 
implantation of a posterior chamber lens. 
Visual acuity in this eye was 25/20. No 
abnormalities of the cornea were seen. 

On April 27 a posterior chamber lens was 
inserted with sodium hyaluronate (Healon) 
in the capsular bag after extracapsular cata- 
ract extraction. At the end of the operation, 
the sodium hyaluronate was washed out and 
acetylcholine bromide was injected into the 
anterior eye chamber. Immediately there- 
after, the cornea became a little hazy with- 
out apparent cause. Postoperatively, this 
patients eye showed extensive corneal 
clouding with stromal edema and gross 
folds in Descemet’s membrane. Visual acu- 
ity was counting fingers. There was a sec- 
ondary iritis and a hypotonia of 5 mm Hg. It 
took 12 weeks to obtain a visual acuity of 
20/20; the cornea still showed some ghosts 
of Descemet’s folds in the center of the 
cornea. Specular microscopy of the endo- 
thelium of the right eye showed extensive 
polymegathism and pleomorphism com- 
pared with the normal endothelium of the 
other eye, which was operated on unevent- 
fully 1 year previously (Fig 1). 

CASE 2.—A 79-year-old woman (patient 
2) with cataract in the right eye and aphakia 
with bullous corneal dystrophy in the left 
eye was referred in 1986. Her medical 
history included cholecystectomy, angio- 
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plasty of the right arteria caroti ; 
al infarction, and Parkinsons. dis 
left eye had been operated on elsewh 
cataract in 1985: no intraocular 1 
inserted apparently because of high v 
ous pressure and extreme miosis. Af 
wearing an extended-wear contact le 
progressive corneal decompensation d 
oped. In 1986, a perforating keratop! i 
was performed with implantation of a poste 
rior chamber lens in the ciliary sulcus afte 
aspiration of Elschnig’s bodies. Visual ac 
ity improved from counting fingers to 20/8 
The right eye had a cataract with vis 
acuity of 20/125. Laser interferomet 
showed a potential visual acuity of 204 
The cornea in this eye showed no abnorm 
ities. An extracapsular cataract extract 
with implantation of a posterior chambe 
lens in the capsular bag with sodium hyal 
onate was performed, 
Postoperatively, the cornea unexpectedly 
showed extensive edema of the stroma and ~ 
the epithelium (Fig 2). Descemet’s folds 
were also noted. 7 
It was believed that the severe deon 
pensation could not be explained by the 
trauma of surgery alone, although the histo- ` 
ry of the other eye showed a tendency for- 
decompensation. Two weeks later, when — 
the problems with the other patients arose, 
this patient was suspected to have suffered 
from TECD, too. Postoperatively, the visu- 
al acuity in this eye increased in 6 weeks to | 
20/100, but soon the cornea decompensated 
permanently and visual acuity decreased to 
counting fingers. Seven months after cata- 
ract surgery, a penetrating keratoplasty 
was done. Scanning electron microscopy of 
the corneal button showed complete de- . 
struction of the corneal endothelium (Fig 3). 
Only a few areas with extremely enlarged 
endothelial cells had remained. Also, there — 
were some fibroblastlike cells interconnect- > 
ing the remaining endothelial cells. p 





RESULTS 
Clinical Evaluation 


The first hint that something 
wrong came on April 27, 1988, when 
one of us (A.C.B.) noticed. as 
haziness of the cores at the ent 








Fig 1.—Case 1. Top left, Endothelial photomicrograph of the eye 
operated on 3 months postoperatively with edematous and enlarged 
endothelial cells (original magnification x 125). Top right, The normal 
endothelium of the contralateral eye, which had undergone routine 
extracapsular cataract extraction with implantation of an intraocular 





lens in 1987 (original magnification x 125). Bottom left, The endotheli- 


previous 2 days) and a sixth case of 


unexplained decompensation occurred 
in a patient operated on the following 
day, the operating room was closed to 
intraocular surgery and research into 
the possible causes was initiated. Anal- 
ysis of the various intraocular solutions 
used showed no deviation in composi- 
tion and pH. A first examination of the 
various perioperative variables (eg, 
type of irrigating solution, surgeon, 
type of viscoelastic substance) showed 
only one constant: the use of sodium 
hyaluronate. As the batch of sodium 
hyaluronate that was in use from Feb- 
ruary 1 did not give rise to symptoms 
of TECD before March 1 or after May 
12 (the date of the last case of TECD), 


the possibility of a contamination or of 


a change in the composition of this 
batch of sodium hyaluronate could be 
excluded. On April 29, it became 
known that from March 1, 1988, the 
central sterilization department of the 
hospital had changed the cleaning pro- 
cedures of ophthalmic instruments 
without consultation and without no- 
tice to the eye surgeons. The main 
change consisted in the increase of the 
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um of the eye operated on 6 months postoperatively. There are still 
some edematous cells visible (original magnification x 125). Bottom \ 
right, The endothelium of the eye operated on 1 year postoperatively. 
The endothelial edema resolved. Note the uniformly enlarged cells 
(original magnification x 125). 


Fig 2.—Case 2. Corneal decompensation 1 month after extracapsular cataract extraction. 


Visual acuity was 20/100. 


detergent (R, 10 Pureyn CIC, Fa. de 
veus, Wenum-Wiesel, the Nether- 
lands) concentration in the ultrasonic 
cleaning apparatus from 0.4% to 4%: 


this was effected after the personnel of 
the central sterilization department 
found the operating instruments not 
clean enough after the usual proce- 
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Fig 3.—Case 2. Top, Scanning electron micrograph shows a few enlarged endothelial cells on 
otherwise bare Descemet's membrane. Bottom, Scanning electron micrograph shows degen- 
erating endothelial cells with thin cytoplasmic extensions and some fibroblastlike cells (arrows) 
interconnecting the degenerating endothelial cells. 


dure. It was then surmised that this 
strong solution of detergent was not 
completely removed by the cleansing 
procedure of the cannulas used for 
intraocular surgery and that a residue 
remained, causing the toxic symptoms. 
Consequently, on April 29 it was decid- 
ed to decrease the detergent concen- 
tration to the original strength of 0.4% 
and the operating room was reopened 
for intraocular surgery. Still, three 
other cases of TECD occurred (pa- 
tients 16 through 18). It was believed 
that this was due to strong detergent 
solution residue remaining in the nar- 
row lumina of the cannulas despite 
recleaning with weak detergent solu- 
tion. Thereafter, the use of any deter- 
gent was discarded and only new can- 
nulas were used. After these mea- 
sures, no additional cases of TECD 
were observed. 


Arch Ophthalmol— Vol 108, August 1990 


The period from the first day of the 
use of the stronger detergent concen- 
tration to the complete withdrawal 
of any detergent extended over 12 
weeks, from March 1 until May 12, 
1988. All 179 intraocular operations 
performed during this period were 
checked retrospectively for clinical 
symptoms of TECD. A total of 18 
patients was found, which is consistent 
with an attack rate of 10%. The compli- 
cations and their probable causes were 
fully and openly discussed with all 18 
patients. The clinical picture (summa- 
rized in Table 1) showed in all 18 
patients the same pattern as the two 
reported cases: acute corneal decom- 
pensation within 24 hours following 
surgery, or even peracute haziness of 
the cornea during operation, which oc- 
curred in 6 patients. 

All patients showed extensive endo- 
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Table 1.—Summary of Clinical Data 
in Toxic Endothelial Cell Destruction 


Peracute onset 
Clinical picture of cornea 
Edema of stroma and epithelium 


Increased corneal thickness 
Star-shaped endothelial folds 

Visual acuity first week: hand motions to 20/ 
80 

No influence of corticosteroids 

Gradual normalization of corneal thickness, 
transparency, and visual acuity over 6 to 8 
wk postoperatively 

Endothelial cell loss of 72% at 6 mo 

In some cases, secondary hypotonia and 
iritis 





thelial cell loss compared with normal 
morphometric changes after routine 
cataract surgery. 


Morphometric Analysis 


Noncontact specular microscopy (Ni- 
kon camera, Tokyo, Japan) of the 
central cornea of the decompensated 
and the unaffected contralateral eyes 
was performed at various intervals af- 
ter operation. Specular photographs of 
13 patients were of good quality at 
either 3 or 6 months postoperatively 
and could be used for morphometric 
analysis (Table 2). Nine patients had 
specular photographs of good quality 
at 3 and 6 months. Table 3 summarizes 
the morphometric analysis performed 
on these patients. The endothelial pho- 
tographs were analyzed as previously 
described for morphologic analysis.” 
Cell morphologic variables studied in- 
cluded endothelial cell size (square mi- 
crometers), endothelial cell density 
(number of cells per square millime- 
ter), coefficient of variation in cell size 
(percent), and percentage of hexagonal 
cells. We compared the values of the 
eyes operated on with those of the 
unaffected contralateral eyes. Mean 
+SEM endothelial cell density of eyes 
operated on and contralateral eyes 3 
months postoperatively was 625+51 
cells per square millimeter and 
2225 +212 cells per square millimeter, 
respectively (Table 3). Six months 
postoperatively the mean endothelial 
cell density was 636+50 cells per 
square millimeter for eyes operated on 
and 2244+205 cells per square milli- 
meter for contralateral eyes. The low- 
est cell count was 381 cells per square 
millimeter (patient 17), and the highest 
cell count was 965 cells per square 
millimeter (patient 9). According to 
these data, mean percent cell loss at 
both 3 and 6 months was 72%+2%. 
The range of percent cell loss at 6 
months varied from 48.4% to 84.3%. 

No significant difference in coeffi- 
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ECD of Eye 
Operated on, 
No. of Cells /mm? 
aeaa 
6 mo 


Patient 
No. 3 mo 





Table 2.— Specular Microscopy Data * 


ECD of 
Contralateral Eye, 
No. of Cells/mm? 


1 : -F88 767 2513 69.5 ECCE + PCL 


3 724 665 1289 48.4 PACG 
4 695 694 2954 76.5 PACG 
5 va 642 2143 70.0 TF 
8 T 609 2706 77.5 aa 
9 yO 816 2327 64.9 wi 
14 519 552 1478 74.4 ECCE + PCL 
17 690 687 1682 59.2 ECCE + PCL, 
POAG 
18 486 486 2885 83.2 POAG 






History of 
Contralateral Eye 


Cell Loss 
at 6 mo, % 















* ECD indicates endothelial cell density; ECCE +PCL, extracapsular cataract extraction with posterior cham- 


ber lens implant; PACG, primary angle closure glaucoma; and POAG, primary open angle glaucoma. 





ECD, No. of Cells/mm? 








Follow-up, mo CE 


3 2225 + 212 
2244 + 205 










Table 3.—Endothelial Morphometry Data (n = 9)* 








625 + Sit 
636 + 50ł 





CV, % HEX, % 




















63 + 2 
65 + 2 


33 + 2 
cit 2 


33 + 5 
32 +3 


52 + 3t 
56 + 3$ 





* Data are expressed as the mean + SEM. ECD indicates endothelial cell density; CV, coefficient of varia- 
tion; HEX, percentage of hexagonal cells; CE, contralateral unaffected eye; and OE, eye operated on. 


tP < .001 for two-sample t test, compared with CE. 


+P < .005 compared with CE. 


cient of variation between eyes operat- 
ed on and contralateral eyes was noted 
at any time. In addition, the coefficient 
of variation of the eyes operated on 
remained unchanged 6 months post- 
operatively. 

At’3 and 6 months, the percentage of 
hexagonal cells of the eyes operated on 
was significantly lower than in the 
contralateral eyes. There was no sig- 
nificant change of the percentage of 
hexagonal cells of the eyes operated 
on between 3 and 6 months post- 
operatively. 


COMMENT 


Development of acute corneal de- 
compensation following cataract sur- 
gery can be due to preoperatively used 
disinfectants,” to direct trauma to the 
endothelium from instrumentation or 
intraocular lenses,”’ or to intraocular 
irrigating solutions and injected medi- 
cations.*"” Many reports describe the 
toxic effects of intraocular medications 
and solutions, such as ophthalmic pre- 
servatives,” acetylcholine chloride,” 
phenylephrine hydrochloride,” sodi- 
um hyaluronate,” and lactated Ring- 
ers and Hartmann’s solutions, ™® on 
the corneal endothelium. In our case, 
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all intraocularly used solutions were 
analyzed and were found to be within 
the limits of tolerance. The major 
change that occurred in the period 
during which TECD was observed was 
the 10-fold increase of detergent con- 
centration in the ultrasonic cleaning 
apparatus from a 0.4% to a 4% solu- 
tion. The change, however, was within 
the limits of the concentrations (4% to 
5%) as advised by the manufacturer for 
medical use. It could not be denied by 
the central sterilization department 
that possibly in some cases the cannu- 
las were not thoroughly cleaned ac- 
cording to protocol, ie, by irrigating 
the cannulas after ultrasonic cleaning 
with detergent followed by demineral- 
ized water and air with a high-pressure 
pistol. However, it is clear from our 
laboratory evaluation (Nuyts et al’) 
that only the combination of a 4% 
detergent solution and insufficient 
flushing causes detergent remnants to 
remain in the narrow lumen of cannu- 
las used for ocular surgery. To our 
knowledge, endothelial toxicity of de- 
tergents used for cleaning oculosurgi- 
cal instruments has never been de- 
scribed. However, Kim" reported 
three cases of pseudophakic bullous 
keratopathy after denaturation of sodi- 


um hyaluronate by benzalkonium chlo- 
ride (Zephiran), a cationic detergent 
used for ultrasonic cleaning.” Corneal 
transparency is maintained by both 
endothelial barrier function and activi- 
ty of the metabolic Na*K* adenosine 
triphosphatase pump in the lateral 
plasma membrane of the endothelial 
cells."“” The result of a disturbance of 
one or both of these mechanisms is an 
increase in corneal thickness and loss 
of transparency. The acute onset of 
corneal clouding and the magnitude of 
increase in corneal thickness suggest 
that breakdown of the endothelial bar- 
rier is the most likely mechanism of 
TECD. Our laboratory evaluation on 
the endothelial permeability effects of 
the detergents supports this hypothe- 
sis. The postoperative hypotonia in 
some cases was unexpected. It can be 
explained by destruction of the trabec- 
ular endothelial cells, as described by 
Maurice and Perlman.” A blockade by 
the detergent of the Na*K* adenosine 
triphosphatase enzyme in the pigment- 
ed ciliary epithelium could also cause 
an underproduction of aqueous.” 
There was no benefit of corticosteroid 
treatment, which supports our as- 
sumption that the detergent caused an 
acute cytotoxic reaction interfering 
with the endothelial barrier function. 

Cell loss following routine extracap- 
sular cataract extraction varies be- 
tween 5% and 20% 6 months postoper- 
atively. The amount of cell loss may be 
the result of differences in the method 
of cataract removal, type of lens im- 
plant used, and location of intraocular 
implant.~” In our patient group, 
mean + SEM cell loss is 72% +2% 3 and 
6 months postoperatively. This value is 
remarkably higher than described in 
the literature. 

We obtained our morphometric data 
from comparison of the eye operated 
on and the contralateral unaffected 
eye. According to the literature, there 
is no appreciable difference between 
right and left eyes in one individual.” 
In our patient group, comparison of 
eyes operated on and contralateral 
eyes is somewhat difficult because four 
of the nine patients (data at 3 and 6 
months) had already undergone earlier 
cataract surgery of the contralateral 
eye, while two other patients were 
known to have preexistent angle clo- 
sure glaucoma. Therefore, a lower 
mean endothelial cell density of the 
contralateral eyes compared with a 
normal population might be expected. 
Most likely, even higher cell loss than 
72% would have resulted in a popula- 
tion without prior endothelial dis- 
ease," 

There are conflicting reports of sta- 
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- ‘bilization of endothelial cell density 
after cataract extraction.”” Some au- 
thors report stabilization of endothelial 
cell density within 3 months of either 
acapsular or extracapsular cataract 
extraction without use of an intraocu- 
“lar implant.” Matsuda et al” and 
- Schultz et al” described stabilization of 
endothelial cell loss within 3 months of 
= either intracapsular or extracapsular 

cataract extraction with or without 

posterior chamber lens implantation. 

Others, however, report continuing 

cell loss after posterior or anterior 
= chamber lens implantations, even if 


| othe postoperative course is uncompli- 
; ag. 
















ere is general agreement that oth- 

orphologic parameters of endothe- 

al wound healing like coefficient of 

variation (an index of polymegathism) 

-and percentage of hexagonal cells (an 

index of pleomorphism) provide more 
information on the dynamic aspects of 
corneal wound healing than does mea- 
surement of endothelial cell density 
alone.” 

According to Matsuda et al,” the 
wound healing process can be divided 
into three stages: (1) covering of the 
denuded area by migrating endothelial 
cells, (2) forming of a flattened mono- 
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layer by the elongated cells and assum- 
ing a pleomorphic polygonal pattern, 
and (3) remodeling to a normal hexago- 
nal configuration. 

In our patients, stabilization of mean 
cell loss and endothelial morphologic 
features, ie, coefficient of variation 
and percentage of hexagonal cells, 6 
months postoperatively provides evi- 
dence that the corneal wound healing 
process, even in this severely trauma- 
tized group, is already completed and 
suggests that further long-term endo- 
thelial cell loss, besides physiologic cell 
loss, will not occur. These intriguing 
facts demonstrate the enormous capac- 
ity of the endothelial cells to enlarge 
and reorganize uniformly and is in 
accordance with the recent literature.” 

A general prognosis for the patients 
with TECD with regard to the possi- 
bility of developing a permanent corne- 
al decompensation cannot be given. 
Even if the changes in the corneal 
endothelium are stabilized, the loss of 
cells compared with the other eye 
(even after uneventful cataract extrac- 
tion) is considerable. Until now, all 
patients regained visual acuity that 
could be expected in each individual 
case, yet as age-related endothelial cell 
loss continues year after year, the cell 
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count will be: below. th ? 
for maintaining its functio: 
parency. In a number of pa 
suffer from TECD, therefo 
manent corneal decompensa on 
expected, necessitating — Pe 
keratoplasty. : 
It is evident from the foregoing tha 

a new syndrome, TECD, caused by a 
detergent residue inside irrigating 
cannulas, has occurred in 18 patients in- 
April and May 1988 in our department. 
Sporadic cases of TECD may have: 
occurred and may have been published 
every now and then, but to our knowl 
edge, the disease was never reported 
before on this scale. The substrate € 
TECD is a destruction of endothelia 
cells resulting in a substantial cell los 
averaging 72%. Clinically, this de 
struction manifests as an acute postop 
erative corneal decompensation, which: 
recovers only very gradually in the E 
course of 6 to 8 weeks. oe 
Detergents for cleaning ene a 
instruments, especially in an ultrasonic: — 
apparatus, if used at all, should be | 
removed completely from intraocular _ 
cannulas by careful cleaning. The use 
of disposable cannulas can probably 
eliminate all problems as reported 
herein. 
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è Neodymium-YAG capsulotomy for 
secondary cataracts can induce acute in- 
traocular pressure rises, possibly by a 
blocking of the trabecular meshwork by 
debris. To test a hypothesis that bag- 
fixated intraocular lenses may act as a 
barrier to debris, thus reducing pressure 
rises after YAG capsulotomy, we con- 
ducted a study comparing pressures (at 1, 
2, 3, 6, and 24 hours after YAG capsuloto- 
my) between bag-fixated and sulcus-fix- 
ated cases. There were substantial and 
- Statistically significant intraocular pres- 
sure rises in the sulcus-fixated group start- 
ing at 1 and 2 hours after YAG capsulcoto- 
my, and peaking at 3 hours (mean rise, 
7.83 mm Hg). There were no such peaks of 
intraocular pressure rise among bag-fix- 
ated cases (mean change, —0.32 mmHg at 
3 hours). There was a weak but significant 
(r = —.18) correlation between the 
change 1 hour after YAG capsulotomy in 
intraocular pressure and percent of enclo- 
sure of the intraocular lens optic among 
bag-fixated cases. Higher proportions 
(fourfold to fivefold) of cases with sulcus- 
fixated lenses had significant flare and 
particulate matter in the anterior chamber, 
compared with bag-fixated cases. 

(Arch Ophthalmol. 1990;108:1126- 
1129) 


(Capsulotomy for secondary cataracts 
~~ using the neodymium (Nd)-YAG 
laser has been known to induce short- 

term elevations in intraocular pres- 
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sure (IOP). Although the mechanism 
for this spiking of IOP is unelear, pos- 
sibilities include blocking of the tra- 
becular meshwork by inflammatory 
debris, capsular remnants, or soluble 
lens proteins, and shock wave-induced 
damage to the trabeculum. 

Intraocular pressure rises have been 
observed to be less severe in pseudo- 
phakic eyes, as opposed to aphakie 
eyes, in patients who have undergone 
Nd-YAG laser capsulotomy.’ It has 
been hypothesized that the intraocular 
lens (IOL) might possibly function as a 
barrier against debris reaching the 
trabeculum or the IOL may absorb en- 
ergy from a YAG-induced shock wave.’ 
Extending this reasoning, one might 
assume that IOLs in the capsular bag 
may provide more of a barrier to debris 
than sulcus-fixated lenses. 

To test our hypothesis that pressure 
rises after YAG capsulotomy may be 
smaller in cases with bag-fixated IOLs, 
we implemented a study in which we 
could examine the relationships be- 
tween original cataract surgery vari- 
ables (such as IOL position, amount of 
capsular clearing, centration, and en- 
closure within the bag) and IOP rises 
after YAG capsulotomy. 


PATIENTS AND METHODS 


From December 1987 to July 1988, 213 se- 
quential patients (213 eyes of 213 patients) 
with secondary cataract entering the Gim- 
bel Eye Centre, Calgary, Canada, and 
scheduled to undergo YAG laser capsulot- 
omy were enrolled into the study. Sixteen 
patients had a second YAG capsulotomy on 
their contralateral eye within the enroll- 
ment period but this eye was deemed in- 
eligible for enrollment. Thus, all 213 eases 
were unilateral. Specially designed forms 
were used to collect information on the 
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YAG capsulotomy, such as power setting 
and capsulotomy size. 

Pre-YAG capsulotomy IOP (by Gold- 
mann applanation tonometry) and visual 
acuities (with and without correction) were 
obtained by ophthalmic assistants prior to 
the examination by the YAG surgeon. 

The centration and position (bag-fixated, 
sulcus-fixated, or one haptic in/one haptic 
out) of the IOL at the time of the YAG tap- 
sulotomy were determined just prior to the 
capsulotomy procedure by the YAG sur- 
geon. All 213 eyes were dilated. In those pa- 
tients who received the continuous tear 
capsulotomy in the bag-fixated method, the 
capsulotomy was small enough to enable 
the edge of the anterior capsule to be seen. 
In those patients in whom the pupil was too 
small and the edges were not seen even af- 
ter dilation, direct observation or a three- 
mirror contact lens was used to confirm 
that at least one haptic was out of the bag 
or in the suleus. 

For bag-fixated lenses, the percent of en- 
closure of the IOL optic in the bag was also 
determined. One hundred percent enclosure 
was defined as the entire circumference of 


the IOL edge covered by the anterior cap- g, 
sule. Fifty percent enclosure described one ~~ 


half of the circumference exposed. 

For most patients, the original cataract 
surgery had been performed by one of us 
(H.V.G.); the assessment at the time of the 
cataract surgery of the percent of lens 
epithelium cleared from the anterior cap- 
sule was collected retrospectively from the 
medical chart (prior to the capsulotomy 
procedure). 


t 





After obtaining consent, and following 


YAG capsulotomy, IOPs were collected by 
Goldmann applanation tonometry at 1, 2, 3, 
6, and 24 hours after YAG capsulotomy. 
Visual acuity with and without correction 
and assessment of anterior chamber reac- 
tion were collected 3 hours after YAG cap- 


sulotomy. These measurements and assess- 


ments were taken without prior knowledge 
of pre~-YAG capsnlotomy data or of IOL 
placement. 
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All statistical analyses were done using‘ 
Professional Database Analysis System 
(PRODAS) software. Changes in IOP 
within groups (during the time periods af- 
ter YAG capsulotomy) were tested for sig- 
nificance with paired t tests. Comparisons 
of mean IOP changes and other continuous 
variables between bag-fixated and sulcus- 
fixated cases were made using two-sample t 
tests. Comparisons of proportions for cate- 
gorical variables were made with x’ analy- 
sis. Correlations were assessed with Spear- 
man correlation coefficients. 


RESULTS 


The mean age in this series was 72.5 
years, with a range of 8 to 105 years, 
and 38% of the patients were male. 
Ninety-one percent of the patients had 
original cataract surgery at the Gim- 
bel Eye Centre and 9% were operated 
on elsewhere. 

One hundred eighty-nine (88.7% ) of 
the cases had IOLs fixated in the cap- 
sular bag, while 24 cases (11.8%) had 
at least one haptic in the sulcus (Table 
1). Due to the small number (5) of sul- 
cus-fixated cases, cases with one haptic 
in the capsular bag and one haptic in 
the ciliary sulcus were combined with 
the completely sulcus-fixated cases. 
Any reference to the “sulcus-fixated” 
group in this report is meant to include 
the cases with only one haptic in the 
; sulcus. A small number of cases were 
not placed in the bag due to the fact that 


the continuous tear capsulotomy tech- 
nique, developed by one of us (H.V.G.),° 
virtually ensures bag-fixation of the 
IOL. In fact, of the 208 patients in this 
study operated on at the Gimbel Eye 
Centre, 203 (98% ) were placed in the 
capsular bag with confirmation by iris 
manipulation if necessary. 

The number of years between the 
original cataract surgery with IOL 
implantation and YAG capsulotomy 
was not significantly different 
(P = 40) between groups. The mean 
number of years was 2.4 for the bag- 
fixated cases and 2.7 for the sulcus-fix- 
ated cases. 

Ninety-six percent of the bag-fix- 
ated cases were extremely well cen- 
tered, while only 52% of cases with 
neither haptic or only one haptic in the 
capsular bag were graded as such (Ta- 
ble 1). 

Intraocular pressures are shown in 
Table 2. Mean pressures before YAG 
capsulotomy were 14.1 mm Hg for 
bag-fixated cases and 14.9 mm Hg for 
sulcus-fixated cases and cases with one 
haptic of the IOL in the capsular bag 
and one haptic outside the bag and in 
the ciliary sulcus (sulcus or in/out), 
with no significant difference between 
the two groups. Despite the small 
number of sulcus-fixated lenses, we 
saw substantial and statistically sig- 
nificant IOP rises at the 1-, 2-, and 


Table 1.—Centricity of Intraocular Lens 


Bag-Fixated 
189 (88.7) 


Sulcus-Fixated or 
One Haptic in and 
One Haptic out 


24 (11.3) 


163 (95.9) 


3 (off center) 


Bag-Fixated 

eRe er Oh ION 
Change, * 

Mean (SEM) 


IOP, 
Mean (SEM) 
mm Hg 
14.1 (0.23) 

(n = 187) 


Time 
Period, h 
Pre-YAG 
capsulotomy 


mm Hg 





2 (9) 


Table 2.—Intraocular Pressures (IOPs) 
Sulcus or In/Out 
Change, * 


Mean (SEM) 
mm Hg 


IOP, 
Mean (SEM) 
mm Hg 
14.9 (0.80) 
(n = 23) 


P Within 
Groupst 


——————_————_——_———_———— 


3-hour points after YAG capsulotomy 
in the group of 24 cases that were not 
in the bag. None of the pressure rises 
resulted in significant clinical prob- 
lems. The difference between the two 
groups in pressure changes after YAG 
capsulotomy was significant at each of 
these three time points. At 6 hours, the 
mean pressure of 13.0 mm Hg for bag- 
fixated cases was significantly lower 
than the mean (22.2 mm Hg) for sul- 
cus-fixated cases (P = .011). However, 
the difference in mean change from 
baseline only approached statistical 
significance (due to large variability). 
The mean IOP at 24 hours was 13.1 mm 
Hg for bag-fixated cases and 13.8 mm 
Hg for sulcus-fixated cases. At this 
time, the pressures were similar to 
baseline values and the pressure 
changes were not significantly differ- 
ent between the groups. Figure 1 
shows the peaks of intraocular pres- 
sure rise at about 22 mm Hg of mean 
pressure for the group not in the ba 
between 1 and 6 hours after the YA 
capsulotomy. 

Figure 2 shows a significant shift in 
the distributions of IOP after YAG 
capsulotomy toward pressures greater 
than or equal to 20 for the group not 
placed in the bag. Prior to the YAG 
capsulotomy, almost all cases in both 
groups had pressures less than 20 mm 
Hg; only 4% to 9% had pressures 
greater than or equal to 20 mm Hg. 
After the YAG capsulotomy, at 1, 2, 3, 
and 6 hours, the distribution of sulcus- 
fixated cases shifted, such that 58% to 
79% of the cases at a given time had 
pressures of at least 20 mm Hg. The 
bag-fixated group had essentially no 
shift in pressure; only up to 12% of pa- 
tients ever experienced pressures of 20 
mm Hg or more in this group. At 24 
hours, the IOP distribution for sulcus- 
fixated cases shifted back to pressures 


P Between Groups 


en, 


P Within 
Groupst 


Comparing 
Means of Visitst 


Comparing 
Changest 





4.92 (1.53) 
(n = 12) 
6.90 (1.28) 
(n = 20) 
7.83 (1.87) 
(n = 12) 
4.25 (2.39) 
(n = 4) 
—0.78 (1.18) 
(n = 14) 


14.2 (0.28) 
(n = 159) 


0.02 (0.24) 
(n = 157) 
0.30 (0.28) 
(n = 168) 
—0.32 (0.28) 
(n = 150) 
—0.27 (0.69) 
(n = 11) 
13.1 (0.29) —0.78 (0.27) 
(n = 126) (n = 124) 


*Change from baseline (pre-YAG capsulotomy). 
+From paired t tests testing changes from pre-YAG capsulotomy within each group. NS indicates not significant. 
+Two-sample t test comparing the bag- vs sulcus-fixated groups. 


20.2 (1.83) 
(n = 12) 
23.4 (1.71) 
(n = 21) 
23.9 (1.99) 
(n = 12) 
22.2 (1.93) 
(n = 4) 
13.8 (1.12) 
(n = 14) 


14.6 (0.29) 
(n = 170) 

13.8 (0.32) 
(n = 151) 

13.0 (0.76) 
(n = 12) 
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Fig 1.—Line graph of mean intraoc- 
ular pressure (IOP) vs hours after 
YAG capsulotomy for cases with 
bag-fixated and sulcus-fixated in- 
traocular lenses. Triangles indicate 
readings of sulcus-fixated lenses; 
and circles, readings of bag-fixated 
lenses. 


IOP, mm Hg 


8 10 12 14 16 


Hours After YAG Capsulotomy 


Fig 2.—Percentage of cases in each group with intraocular pressures 
greater than or equal to 20 mm Hg prior to YAG capsulotomy and at var- 
ious postoperative times. Solid bars indicate readings of bag-fixated 
lenses; and shaded bars, readings of sulcus-fixated lenses. 
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Fig 3.—Left, Percentage of cases in each group experiencing anterior chamber reaction of flare, cells, or particulate matter 
at 3 hours after YAG capsulotomy. Solid bars indicate readings of bag-fixated lenses (n = 200); and shaded bars, readings 
of sulcus-fixated lenses (n = 23). Right, Percentage of low-pressure (<20 mm Hg at 3 hours) cases and high-pressure (at 
least 20 mm Hg at 3 hours) cases experiencing anterior chamber reaction of flare/cells and particulate matter at 3 hours 
after YAG capsulotomy. Solid bars indicate intraocular pressures less than 20 mm Hg (n = 161); and shaded bars, intraoc- 
ular pressures greater than or equal to 20 mm Hg (n = 22). < 
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| Figure 3 shows the anterior dham: 
“ber: reaction at 3 hours after YAG cap- 
lotomy. There were substantial and 
statistically significant differences be- 
ween the groups. The proportions of 
“eases with flare and particulate matter 
in the suleus-fixated group was almost 
four to five times that of the bag- 
fixated group, and the proportion of 
cases with cells in the sulcus-fixated 
group was almost three times higher 
than that of the bag-fixated group. The 
slit-lamp data examined by level of 
IOP at 3 hours after YAG capsulotomy 
(combining the groups) showed highly 
inereased anterior chamber reaction 
cases with higher pressures. 
There was no correlation between 
degree of centricity and IOP after 
YAG capsulotomy for either group. 
‘Three hours after YAG capsulotomy, 
-= ` visual acuities were comparable be- 
tween groups, and there was no corre- 
lation between power setting and/or 
number of laser pulses and IOP rises 
after YAG capsulotomy. 


COMMENT 


The significant differences in IOP 
rises between the bag-fixated and the 
sulcus-fixated groups at 1, 2, 3, and, 
possibly, 6 hours after YAG capsulot- 
my, demonstrate an association be- 
een having a bag-fixated IOL and 
IOP rise in patients who have un- 
-dergone an Nd-YAG capsulotomy. 
From Table 2 and Fig 1, we can, in 
: fact, see that for the bag-fixated cases, 

there was very little pressure rise from 
baseline to 2 hours after YAG capsu- 
lotomy, and even a slight decrease in 
pressure compared with baseline from 

3 to 24 hours. The sulcus-fixated group, 

however, exhibits an increase in IOP as 

early as 1 hour after YAG capsuloto- 

my, which peaks at 3 hours after YAG 
_capsulotomy (a mean increase of 7.83 
-mm Hg), and resolves to 0.78 mm Hg 
below baseline at 24 hours (mean IOP, 
13.8 mm Hg). Slomovic and Parrish’ 
reported a maximum IOP rise in the 
= majority of both aphakic and pseu- 
> dophakic patients within 2 hours after 
YAG capsulotomy. 
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Comparing these results with those 
of prior studies presents some difficul- 
ties in that the intervals at which ap- 
planation tonometry had been per- 


formed varied from study to study. 


Also, previous comparisons of IOP 
rises have focused on the differences 
between aphakic and pseudophakic 
eyes that have undergone Nd-YAG 
capsulotomy, as opposed to the present 
study comparing two basic IOL im- 
plantation techniques. Some useful 
comparisons can be made, however. 

Stilma and Boen-Tan‘* observed an 
average pressure of 18.2 mm Hg at 1 
hour and 19.7 mm Hg at 2 hours (mean 
baseline IOP, 15.4 mm Hg) in 
pseudophakic patients who had under- 
gone an Nd-YAG ecapsulotomy.’ In the 
present study for the group not bag- 
fixated, average pressures of 20.2 and 
23.4 mm Hg were observed at 1 and 2 
hours, respectively (average baseline, 
14.9 mm Hg). Kraff et al’ reported an 
IOP of 21.7 mm Hg in pseudophakic 
eyes at 1 hour after YAG capsulotomy 
(average baseline, 18.1 mm Hg); no 
pressure measurement was reported 
for 2 hours.' It seems these results are 
roughly comparable, then, with the 
group not bag-fixated in the present 
study. 

The continuous tear capsulotomy 
technique virtually ensures bag fixa- 
tion of the IOL and is thought to 
decrease the possibility of anterior 
capsule tears extending equatorially 
and posteriorly, and to decrease the 
potential for subsequent complica- 
tions by isolating the IOL from the 
vascular tissue within the eye. In a re- 
cent study of 200 consecutive patients 
who were operated on by one of us 
(H.V.G.) during February 1989, 100% 
were placed in the bag. The bag-fixated 
IOLs might also provide more of a 
barrier than sulcus-fixated IOLs from 
debris entering the anterior chamber, 
thus preventing blockage of the trabe- 
culum, which is thought to be associ- 
ated with a rise in IOP after capsulo- 
tomy. 

The significant difference between 
the two groups in terms of anterior 
chamber reaction, particularly the 
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amount of particu at 
ports the possibility 
nism of action of YAI 
sure rises is a blocking 
lum by cellular debris.’ 
group was associated . S 
cantly less inflammation an ) 
late matter. The degree of infan 
tion was also related to the level of 0. 
after YAG capsulotomy. = 

Another possible explanation for. 
the observed difference in pressu 
rise may be that the bag-fixated IO 
may provide a dampening effect o) 
YAG-induced pressure wave and con 
sequent trabeculitis. The bag-fixate 
lens may further dampen such a shoe 
wave by distributing energy throu 
out the zonular attachments, wherea: 
in the sulcus-fixated cases the hapti 
touch the uvea. Thus, such a pressu 
or shock wave may disrupt the blood 
aqueous barrier, causing more inflam 
mation (which relates to pressure rise i 
in the sulcus-fixated group. aa 

Clinically, the IOP rises observe 
with the sulcus-fixated cases were not 
problematic; yet, they were similar in. 
magnitude to IOP rises observed post- > 
operatively when viscoelasticisusedin | 
IOL surgery. Barron et al’ observed — 
mean IOPs of 12.4 to 28.4 mm Hg in the 
3- to 6-hour postoperative interval. It 
has been generally recognized that re- 
ducing such pressure spiking is neces- 
sary as a standard clinical precaution, 
whatever the causal mechanism. We 
thus feel that, in addition to the bene- 
fits of placement in the bag, ensuring 
bag-fixation of the IOL can also be a 
significant preventive procedure for 
minimizing YAG-induced IOP rises in 
later YAG-capsulotomy procedures. 

The results of the present study, 
overall, recommend the bag-fixated 
IOL implantation technique for pa- 
tients who may later undergo Nd-YAG 
laser capsulotomies. 
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Charles D. Rice, MD, Harry H. Brown, MD 


è We report a case of primary orbital 
melanoma in a 17-year-old girl. The pa- 
tient presented with painless proptosis 
during the first trimester of pregnancy. 
Computed tomography demonstrated a 
well-circumscribed mass located infra- 
temporally in the right orbit. The tumor 
was bluish-black, grossly encapsulated, 
and associated with orbital blue nevi. 
_ Histologic examination of the mass re- 
. vealed a pigmented spindle-cell neo- 
~ plasm. On electron microscopy, the pres- 
ence of premelanosomes and the 
absence of basal lamina supported the 
diagnosis of melanoma. Malignant trans- 
-. formation of a preexisting nevus is pos- 
 tulated since perineural foci of benign 
dendritic melanocytes were seen within 
- the melanoma. There has been no recur- 
~ rence or metastasis in a 2-year follow-up. 
Of 30 primary orbital melanomas re- 
2 viewed, 12 (40%) were associated with 

. periorbital pigmentary disorders, such 
as oculodermal melanocytosis, blue ne- 
vus, and ocular melanocytosis. Our case 
is unique since the pigmentary lesions 
were limited to the orbital tissues. 

(Arch Ophthalmol. 1990;108:1130- 

1134) 


) rbital melanomas occur as primary 
or secondary tumors. Primary le- 
sions arising from orbital melanocytes 
are less common than secondary tu- 
: He: which a: from ocular or 
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rimary Orbital Melanoma Associated 
With Orbital Melanocytosis 


cutaneous melanomas.’ The orbital me- 
lanocyte, a neural crest derivative, 
may be found along ciliary nerves, 
scleral emissarial vessels, or optic 
nerve leptomeninges.’* Tumors may 
also originate from anomalous deposits 
associated with periorbital pigmentary 
disorders.’ Nearly one half of the pri- 
mary orbital melanomas have been as- 
sociated with pigmentary disorders, 
such as oculodermal melanocytosis (ne- 
vus of Ota), ocular melanocytosis, and 
blue nevi." In most eases associated 
with pigmentary lesions, ocular or cu- 
taneous pigmentation was visible pre- 
operatively. We describe our case as 
orbital melanocytosis since the abnor- 
mal pigmentation was confined to the 
orbit and not distributed in ocular or 
cutaneous tissue.’ Additional notewor- 
thy findings include encapsulation of 
the tumor and its development during 
pregnancy. The clinical, roentgeno- 
graphic, and histologic features are 
discussed. 


REPORT OF A CASE 


A 17-year-old girl with a 3-month history 
of right-sided proptosis presented to the 
University of Arkansas Ophthalmology 
Clinic, Little Rock (Fi ig 1). She denied anv 
pain, decrease in vision, or diplopia. Her 
medical history was significant for pregnan- 
cy, with an estimated gestational age of 3 
months. The patients visual acuity was 
20/20 OD with 04+0.75 x 90° and 20/20 OS 
without correction. Lids, sclera, and con- 
junctiva were without hyperpigmentation. 
Ocular motility, pupillary reactions, slit- 
lamp examination results, and fundus ex- 
amination results were normal. Two milli- 
meters of axial proptosis and 4 mm of 
upward displacement of the right globe 
were present, 


An orbital computed tomographic (CT) 
sean demonstrated a _ well-circumseribed 
mass located infratemporally in the right 
orbit (Figs 2 and 3). No calcification or bony 
erosion was present and the tumor was 
enhanced slightly with contrast material. 
At surgery, focal areas of pigmentation 
remote from the main tumor were visible 
along the periorbita (Fig 4). The tumor was 
freed from the orbital tissues without diffi- 
culty but was firmly adherent along the 
orbital floor. The bluish-black encapsulated 
tumor measured 2.0 x 2.01.8 em (Fig 5). 
Inspection of the excised tumor revealed a 
disruption of the capsule at its point of bony 
attachment. The tumor was diagnosed as a 
spindle-cell melanoma. A thorough physical 
examination demonstrated the absence of 
cutaneous or mucous membrane melanoma. 
A complete blood cell count and results of 
liver enzyme studies, chest roentgenogra- 


phy, and a urinalysis were normal. Com-. 


puted tomographic scans of the head and 
body were normal as well. 

A repeated surgery was performed due 
to the possibility of residual tumor. Biopsy 
specimens of pigmented areas along the 
orbital floor were histologically blue nevi 
and demonstrated the absence of melano- 
ma. Postoperatively, the patient’s visual 
acuity was 20/20 in the right eye, with 
normal extraocular motility and 2 mm of 
right enophthalmos. The patient delivered a 
healthy girl 5 months after the initial sur- 
gery. There was no evidence of recurrence 
or metastasis after a 2-year follow-up. 


Light Microscopic Pingings 


The main tumor was composed of densely 
packed spindle cells surrounding vascular 
spaces and clefts containing degener ating 
tumor cells and hemosiderin-laden micro- 
phages. A fibrous capsule incompletely en- 
veloped the tumor (Fig 6). Individual tumor 
cells displayed mild pleomorphism with 
elongated nuclei and inconspicuous but cen- 
trally placed nucleoli (Fig 7). The cytoplasm 
was weakly eosinophilic and occasionally 
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contained fine granular brown pigment. 
The pigmented material within the spindle 
cells reacted strongly with the Fontana- 
Masson stain. Clusters of heavily pig- 
mented melanophages were scattered 
throughout the tumor. Mitotic figures were 
rarely identified. Areas of fibrinoid necrosis 
were present and individual cell death was 
observed within cystic spaces. 

The clinically observed pigmented areas 
remote from the main tumor were com- 
posed of heavily pigmented dendritic mela- 
nocytes. They were interspersed within fi- 
broadipose connective tissue rather than 
forming a discrete mass. These lesions were 
diagnosed as blue nevi. A nerve within the 
main tumor demonstrated identical pig- 
mented dendritic cells infiltrating the peri- 
neural sheath (Fig 8). 

The three biopsy specimens obtained on 
reexploration of the orbit demonstrated two 
blue nevi and a cellular blue nevus. The 
cellular blue nevus showed a biphasic pat- 
tern with small, nonpigmented, spindle 
cells and pigmented dendritic melanocytes 
(Fig 9). 


Electron Microscopic Findings 


Tumor cells were closely packed but usu- 
ally separated by a discrete intercellular 





Fig 1.—Clinical photograph demonstrating proptosis and upward displacement of the right eye. 


space (Fig 10). Blunt-cell processes were 
noted to intercalate between polygonal cell 
bodies. No intercellular adaptations in the 
form of gap junctions or desmosome attach- 
ments were identified. No external laminae 
were seen investing individual cells. Tumor 
cells had irregularly shaped oval to elon- 
gated nuclei with peripherally clumped het- 
erochromatin and occasionally with irregu- 
larly shaped nucleoli. The cytoplasm 
contained melanosomes in various stages of 
maturation, ranging from stage II to fully 
melanized stage IV (Fig 11). Occasional 
melanosomes exhibited irregular shapes 
and granular pigmentation. Mitochondria 
were slightly enlarged and demonstrated 
some disruption of the cristae. Rough, en- 
doplasmic reticulum was present, but not 
abundant. 


COMMENT 


Primary orbital melanomas account 
for less than 1% of primary orbital 
neoplasms.” Of 30 documented cases, 
23 (77%) presented in adults and 7 
(23%) developed in children or adoles- 
cents." Painless proptosis from a 
diffuse orbital mass is the most com- 
mon presentation. The duration of 





symptoms 1s 
progressing 


3-5,17 


variable, with some 
slowly during several 
years,” while others present rapidly 
during 1 to 3 months.*”” They occur 
without sexual predilection and are 
found mainly in whites (only two cases 
have been reported in blacks to our 
knowledge™”’). 

In our case, the circumscribed ap- 
pearance on CT scan suggested an 
encapsulated tumor, such as cavernous 
hemangioma, schwannoma, or fibrous 
histiocytoma. Operative findings, 
which were unusual for these diag- 
noses, included the discovery of focal 
pigmented lesions along the periorbita, 
a bluish-black appearance of the main 
tumor, and fixation along the orbital 
floor. Of the 30 documented primary 
orbital melanomas, only 4 were encap- 
sulated and treatable by primary re- 
section.**"” The degree of encapsula- 
tion did not correlate with the 
histologic cell types: epithelioid cell 
types were found in encapsulated tu- 
mors, and spindle-cell types were dem- 
onstrated in diffuse tumors. 

One feature that may aid the clini- 
cian in suspecting a primary orbital 
melanoma is its frequent association 
with pigmentary disorders. Associated 
ocular, cutaneous, or orbital pigmen- 
tary lesions were present in 12 (40%) 
of 30 primary orbital melanomas." 
These 12 pigmentary disorders in- 
cluded oculodermal melanocytosis (6 
cases),”*” blue nevi (4 cases), ™™ and 
ocular melanocytosis (2 cases)" (Ta- 
ble). They represent arrested migra- 
tion of melanocytes with variable pig- 
mentation of the skin, eye, or orbit. In 
oculodermal melanocytosis, pigmenta- 
tion within the orbit has been reported 
along extraocular muscles, orbital fat, 
periorbita, and orbital bones.** In most 
orbital melanomas associated with pig- 
mentary disorders, the ocular or cuta- 
neous pigmentation was visible preop- 





Figs 2 and 3.—Computed tomography of orbits. Axial (Fig 2) and coronal (Fig 3) scans show circumscribed mass 
infratemporally in the right orbit. 
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roy eratively. Our case is unique since the 
‘ associated pigmentation was detected 
only intraorbitally at the time of 
surgery. | 
The melanocytic lesions within the 
orbit were clinically and histologically 
separable as blue nevi, cellular blue 
nevus, and malignant melanoma. Clini- 
cally, the blue nevi were brownish- 
black, irregular lesions distributed 
along the periorbita (Fig 4), and the 
== cellular blue nevus was a small, bluish- 
“= black, circumscribed lesion adherent to 
the orbital floor. Histologically, the 
blue nevi were composed of dendritic 





— 


. melanocytes interspersed within fi- 
Fig 4.—Focal pigmented lesions (arrow) on Fig 5.—Surgical specimen demonstrates a brous tissue, whereas the cellular blue œ 
the periorbita. thin capsule. nevus demonstrated a discrete nodule 





Fig 6.—Spindle-cell neoplasm contains heavily pigmented areas, a Fig 7.—Tumor cells contain moderately pleomorphic, oval, vesicular 
fibrous capsule, cleavage planes, and irregular spaces (hematoxylin- nuclei with distinct, centrally placed nucleoli (nematoxylin-eosin, origi- 
eosin, original magnification x 40). nal magnification x 400). 
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Fig 8.—A perineural focus (arrow) of pigmented dendritic melanocytes Fig 9.—Cellular blue nevus demonstrates biphasic pattern with pig- 
found within the melanoma (hematoxylin-eosin, original magnification mented (arrow) and nonpigmented (arrow in black circle) melanocytes 
x 100). (hematoxylin-eosin, original magnification x 40). 
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Fig 10.—Closely packed tumor cells display irregular nuclear outlines, 





Fig 11.—Melanosomes are present in various stages of maturation 


coarsely clumped chromatin, and prominent nucleoli (original magnifi- (original magnification x 12 000). 


cation x 2400). 


Pigmentary Disorders Associated With Primary Orbital Melanomas 


Associated 
Pigmentary 
Source, y Disorder 


Dutton et al,* Oculodermal 
1984 melanocytosis 
Oculodermal 
melanocytosis 
Oculodermal 
Brown,° 1966 melanocytosis 
Haim et al,® Oculodermal 
1982 melanocytosis 
Oculodermal 
melanocytosis 
Oculodermal 
melanocytosis 


Hagler and 


Speakman and 
Phillips,? 1973 
Jay,* 1965 


Jakobiec et al,’ 
1974 


Loffler and 
Witschel,'° 1989 


Shields’ 


Wilkes et al,® Ocular 
1984 melanocytosis 


Verdaguer, '' Ocular 
1965 melanocytosis 


of closely packed spindle cells without 
intervening stroma. The melanoma 
was a larger, bluish-black, encapsu- 
lated mass, separable from surround- 
ing orbital structures. The histologic 
features of malignancy included pleo- 
morphism, enlargement of nuclei, ne- 
crosis, and the presence of mitotic 
figures. Malignant transformation of a 
preexisting nevus is postulated since 
perineural foci of dendritic pigmented 
melanocytes were seen within the 
melanoma. 

Ten primary melanocytic tumors 
had a blue nevus or a cellular blue 
nevus demonstrated histologically 
within the tumor.'™”™*™™™ One was re- 
ported as a malignant cellular blue 
nevus’ and nine were described as ma- 
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Cutaneous blue nevus 


Cutaneous blue nevus 


Cutaneous blue nevus 
Cutaneous blue nevus 


Type of 
Nevus Within 
the Tumor 


Cellular blue 


Cell type 
Spindle 


Cellular blue Spindle 
and blue 
None Epithelioid 


Cellular blue Spindle 


Blue Epithelioid 
Cellular blue Epithelioid 
Cellular blue Mixed 


Spindle 
Spindle 
Epithelioid 


Cellular blue 
Cellular blue 
Cellular blue 


Blue Epithelioid 





lignant melanomas arising from nevi. 
Histologic cell types included epitheli- 
oid (4 cases), spindle (5 cases), and 
spindle and epithelioid (1 case). Only 
one tumor was encapsulated and treat- 
able by primary resection.” In two 
patients who died of metastatic dis- 
ease, one demonstrated an epithelioid- 
cell tumor’ and the other a spindle-cell 
lesion.” Although the number of cases 
is too small for statistical analysis, the 
prognosis of tumors associated with 
nevi appears similar to melanomas 
without associated nevi. 

On electron microscopy, the pres- 
ence of melanosomes and the absence 
of basal laminae or mesaxons support- 
ed the diagnosis of melanoma rather 
than melanotic schwannoma or cellular 


Primary Orbital Melanoma—Rice & Brown 1133 — 


blue nevus. Ultrastructural character- 
istics of melanosomes may be helpful in 
distinguishing benign blue nevi from 
melanoma.” Blue nevi contain numer- 
ous melanin granules (stage IV mela- 
nosomes), whereas melanomas have 
poorly developed melanosomes with ir- 
regular shapes and disordered internal 
structures.” Desmosomelike struc- 
tures have been reported in primary 
orbital melanomas but were not dem- 
onstrated in our case. *"” 

The development of melanoma dur- 
ing pregnancy suggests a possible hor- 
monal influence. While melanomas are 
not generally regarded as hormone- 
dependent neoplasms, circumstantial 
evidence suggests that endocrine hor- 
mones may influence their biologic be- 
havior. Exacerbation of cutaneous 
melanomas,” development of choroidal 
melanomas,” and accelerated growth 
of nevi have been reported in pregnan- 
cy. Of 14 primary orbital melanomas 
reported in female patients, 3 were in 
childbearing age and were not associ- 
ated with pregnancy. In cutaneous 
melanomas associated with pregnancy, 
only patients with metastatic disease 
had a poorer prognosis.” Another 
consideration related to pregnancy is 
the potential spread of melanoma to 
the fetus. Since our patient’s child is 
2 years of age and shows no evidence 
of melanoma, the development of ma- 
lignancy is unlikely. Most cases of ma- 
ternal melanoma with metastasis to 
the fetus develop in mothers with | 
widespread disease.” All infants with 
melanoma from transplacental metas- 
tasis have developed the disease by 8 
months of age.” 

The clinical course of primary orbital 
melanomas is difficult to predict due to 
tumor rarity and the lack of long-term 
follow-up. Only two patients have had 
a follow-up of more than 2 years. ™®™ In 
30 cases, treatment has included 
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exenteration (17 cases), excision alone 
(9 cases), exenteration plus radiation 
(1 case), and unreported treatment (3 
cases). Primary resection, rather than 
aggressive surgery or adjuvant thera- 
py, is probably sufficient for encapsu- 
lated tumors. Henderson and Farrow” 
reported the primary resection of an 
encapsulated tumor with an epithelioid 
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histologic cell type. There has been no 
recurrence or metastasis after a 32- 
year follow-up (oral communication 
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1988). Although the follow-up period in 
our case was short (2 years), the ab- 
sence of recurrence or metastasis sup- 
ports an initial conservative approach. 
The best treatment for diffuse lesions 
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F _@ A middle-aged woman developed 
oii unilateral, painless proptosis that in- 
a creased slowly over 1 year. A clinical 
g nosis ot pleomorphic adenoma of 
lat imal. gland was supported by 
mputed tomographic scanning and the 
as excised. On histological ex- 
amination the tumor proved to be a be- 
g _myxoid myoepithelioma of spindle- 
ai type. Although occasionally seen in 
the salivary glands, to our knowledge, 
‘this tumor has not previously been de- 
scribed in the lacrimal gland. 
(Arch Ophthalmol.  1990;108:1135- 
1139) 














The epithelial neoplasms of the lacri- 
, mal gland are generally similar to 
those of the salivary glands although 
the frequency of occurrence of individ- 
umors is different. The two princi- 
ategories of adenoma of salivary 
are pleomorphic adenoma ae 
nomorphic adenoma. These may be 
<= considered part of a morphological 
-= gpeetrum, the precise location within 
the spectrum of any particular tumor 
being determined by the contribution 
of myoepithelial cells and their biosyn- 
thetic products.’ Thus, at one end of 
the spectrum, the basaloid cell adeno- 
ma, in which the myoepithelial cells 
contribute little stroma, represents 
the most common form of monomor- 
< phic adenoma. At the other end is the 
myoepithelioma, also a monomorphic 
adenoma but with a pure proliferation 
yoepithelial cells. In between is 
leomorphic adenoma with prolif- 
tion of both epithelial and myoe- 
lial elements in various combina- 
tions. -and considerable variation in 
= both the amount and nature of the 
biosynthetic products of the myo- 
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-Spindle-Cell Myoepithelioma of the Lacrimal Gland : 


“J. Godfrey Heathcote, MB, FRCPC; Jeffrey J. Hurwitz, MD, FRCSC; Irving Dardick, MD, FRCPC 


epithelial elements." 

Several studies of primary lacrimal 
gland neoplasms have indicated that 
pleomorphic adenoma comprises up to 
about 50% of epithelial tumors, the 
remainder being a variety of carcino- 
mas.*” In a discussion of the ultrastruc- 
ture of such neoplasms, Iwamoto and 
Jakobiec” refer to “extremely rare 
monomorphic spindle-cell myoepithe- 
liomas” but do not illustrate the tumor 
or, indeed, indicate that the tumor has 
actually been observed in the lacrimal 
gland. We report what we believe to 
be the first example of a pure myo- 
epithelioma of the lacrimal gland. 


REPORT OF A CASE 


A middle-aged woman in the Bahamas 
developed painless, unilateral proptosis 
during a period of approximately 1 year. 
The eye was pushed downward and inward. 
A computed tomographic scan of the orbit 
was performed in Miami, Fla, and a diagno- 
sis of pleomorphic adenoma of the lacrimal 
gland made. The patient declined surgery 
and returned to the Bahamas. A short time 
later total excision of the tumor, including 
its capsule, was performed by a visiting 
orbital surgeon. The specimen was brought 
to Toronto for pathological examination. 
Fifteen months postoperatively, the patient 
remains well. 


PATHOLOGICAL FINDINGS 


The excised specimen was a rubbery, 
smooth-surfaced mass measuring 3.1 x 
2.51.7 em, with some adherent soft tis- 
sue. Serial section revealed essentially com- 
plete replacement of the lacrimal gland by a 
tan-colored tumor. Some regions appeared 
solid while others were more myxoid and 
traversed by fine white septa (Fig 1). 

Microscopie examination revealed a well- 
circumscribed tumor with a thin, but com- 
plete, fibrous capsule. A small focus of 
normal lacrimal gland was noted outside the 
capsule and a few residual ducts containing 
eosinophilic material and surrounded by 
hyaline fibrous tissue were seen within the 
tumor (Fig 2). The tumor was composed 
entirely of stellate cells and bipolar spindle 
cells with short cytoplasmic processes in a 
loose alcianophilic matrix, There was re- 
gional variation in the cellularity of the 
tumor with acellular pools of myxoid matrix 
in some areas (Fig 3). In other areas, the 

















































matrix was rather fibrous. A 
blood vessels and numerous sma. 
walled blood vessels could be se 
out the tumor (Fig 4). : 
The cytoplasm of the tumo: 
variable in amount, although 
scanty, and eosinophilic. The ova 
were of variable size and some cell 
tained more than one (Fig 5). Nucleol 
inconspicuous but scattered mitotic fig 
were readily appreciated (1 per 20 high 
power fields) and a few were mildly atypi 
(Fig 5). No necrosis or calcification was 
seen. In the less myxoid areas there was a 
infiltrate of mast cells but other inflamma 
tory cells were not present. Axons cot 
not be demonstrated by a Glees-Marslan 
stain. 








immunohistochemistry 


Sections of 4% formaldehyde-fixed tumor 
were exposed to antisera to cytokeratin — 
(AEI/AE3, murine, Biomeda/Fisher), vi- 
mentin (murine, Immustain/Intermedico, 
Markham, Ontario), glial fibrillary acid pro- 
tein (rabbit, Dako, Dimension Labs, Missis- > 
sauga, Ontario), S 100 protein (rabbit, Hos- 
pital for Sick Children, Toronto), and 
muscle-specific actin (murine, Biomeda/ 
Fisher) in a  peroxidase-antiperoxidase 
technique following treatment for 30 min- 
utes with 0.4% (wt/vol) pepsin at 87°C. Only 
glial fibrillary acid protein could be demon- 
strated within the tumor cells and the reac- 
tion, although present in the majority of 
cells, was weak. The residual lacrimal gland 
ducts within the tumor did show cytoplas- 
mic positivity for cytokeratin. Lectin histo- 
chemistry using Ulex europaeus agglutinin 
(Vector Lab, Burlingame, Calif) empha- 
sized the numerous thin-walled vessels 
within the tumor. 


Electron Microscopy 


Formaldehyde-fixed material was pri 
cessed for ultrastructural examinatic 
Spindle-shaped and angular cells wer 
in an amorphous matrix containing sc 
tered fibers of collagen. (Fig | 
nuclei had smooth outlines, 
membranes, and dispersed. 
cytoplasm was sparse but. 
endoplasmic reticulum: and 
Occasional micropinocytoti 
be identified. In places, cell 
contact with formation 
structures (Fig 7). In‘ ell Ww 
proces bundles of fine filan 
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Fig 1.—A myxoid tumor replaces the entire 
cross-sectional area (2.5 x 1.7 cm) of the lac- 
rimal gland. 


Fig 2.—Residual ducts of lacrimal gland sur- 
rounded by hyaline fibrous tissue and spindle 
cells in a loose matrix (hematoxylin-eosin, 
original magnification x 300). 


Fig 3.—Myoepithelioma composed of spindle 
cells in a loose matrix with focal accumulation 
(P) of myxoid material (hematoxylin-eosin, 
Original magnification x 300). 
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Fig 4.—Numerous thin-walled blood vessels A 
are seen within the tumor (hematoxylin-eo- ch 
sin, original magnification x 300). A 
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Fig 5.—Pleomorphic spindle cells in a cellular 3 
zone of the tumor. A mitotic figure is seen | 
(arrow) (hematoxylin-eosin, original magnifi- 

cation x 800). 
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Fig 6.—A low-power electron micrograph J 
shows tumor cells dispersed in matrix con- r 
taining scattered collagen fibers. Numerous 
cytoplasmic processes from spindle cells are 


seen (P) and in some rough endoplasmic 
reticulum is prominent. The cells do not ap- 
pear to have any particular relationship to the : 
thin-walled blood vessel (V) and their nuclei 
have a different pattern of chromatin from that 

of the endothelial cell (original magnification 

x 3800). 5 
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Fig 7.—Apposed cytoplasmic processes display intercellular junctions (J). Small, loosely 
organized bundles of fine filaments containing focal densities (F) can be seen beneath the 
plasmalemma. Extracellular matrix is intimately related to the plasmalemma, although a dis- 
crete basal lamina is not seen (original magnification x 18 500). 





Fig 8.—A discontinuous basal lamina (arrows) is seen on the surface of a myoepithelial cell. The 
segments of basal lamina are associated with hemidesmosomelike structures (original magnifi- 


cation x 18 200). 


were partially covered by a discontinuous 
basal lamina (Fig 8). 

A final pathological diagnosis of benign 
myxoid myoepithelioma of spindle-cell type 
was made. 


COMMENT 


Normal myoepithelial cells occur in 
the acini, intercalated ducts, and, to a 
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lesser extent, the striated ducts of the 
salivary’ and, presumably, lacrimal 
glands. The cell is defined topographi- 
cally by its position between the lumi- 
nal epithelium and the basement mem- 
brane of the salivary duct unit, where 
it has a spindled shape.” Identification 
of myoepithelial cells by light micro- 
scopic techniques demands careful con- 
trol of experimental conditions.” The 





best methods involve the use of anti- 
bodies to smooth-muscle myosin, mus- 
cle-specific actin, or cytokeratin-14 in 
either immunofluorescence studies of 
fresh-frozen tissue or immunoenzyme 
labeling of tissue fixed in methacarn 
(60% methanol, 30% chloroform, 10% 
acetic acid) and embedded in paraf- 
fin. ™* However, even some of these 
antigens are occasionally not ex- 
pressed by the cells and there is also 
considerable variation in the expres- 
sion of ultrastructural characteristics 
such as micropinocytotic vesicles, ag- 
gregates of (actin) microfilaments, and 
basal lamina.” 

Since this variability in the extent of 
differentiation is accentuated in the 
neoplastic state, myoepithelial cells in 
tumors are best defined in terms of the 
myoepithelial elements of pleomorphic 
adenoma. Thus Dardick et al” define 
myoepitheliomas as benign or malig- 
nant lesions in which the tumor cells 
are either spindle-shaped or have the 
range of cytological features seen in 
the myoepitheliomatous component of 
pleomorphic adenoma. Such a defini- 
tion removes the need for ultrastruc- 
tural identification of all the character- 
istics of normal myoepithelium in the 
tumor cells, an infrequent situation, 
and permits the classification of tu- 
mors with myxoid or even chondroid 
stroma as myoepitheliomas, something 
denied in other definitions. *® Ductal 
structures may constitute up to 10% of 
the tumor volume.” If ducts are pre- 
sent in greater quantity, a tumor is 
better categorized as a myoepithelial 
adenoma, a subset of pleomorphic 
adenoma.” 

With the full range of modification of 
myoepithelial cells only recently ap- 
preciated, it is not surprising that 
myoepitheliomas have been considered 
rare.” In 1985, Barnes et al’ collated 
only 42 cases from the English litera- 
ture, and the largest single series to 
date comprises only 40 tumors. Addi- 
tional cases, particularly myxoid ones 
or those with a few ducts, have almost 
certainly been diagnosed as pleomor- 
phic adenomas. 

A review of myoepitheliomas classi- 
fied these tumors according to archi- 
tectural pattern and cellular differenti- 
ation® (Table). Spindle-cell lesions 
constituted approximately one third of 
the tumors and their characteristic 
light- and electron-microscopic fea- 
tures are well illustrated by the tumor 
presented herein, although the pres- 
ence of numerous thin-walled blood 
vessels within the stroma is unusual 
for the myxoid variant.” Microfila- 
ments with dense bodies, intermediate 
filaments, desmosomes, plasmalemmal 
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Classification of Myoepithelioma* 















Architectural Pattern, % 
Solid (ie, nonmyxoid) 


Myxoid 9.8 
Reticular 24.4 
Mixed 9.8 
Cellular Differentiation, % 
Spindle 32.5 
Plasmacytoid 7.5 
Epithelial 45.0 
Clear 


Mixed 


* Based on study of Dardick et al." 


densities, micropinocytotic vesicles, 
and discontinuous basal lamina are 
typical ultrastructural features of spin- 
dle-cell myoepithelioma."** As in this 
case, they may be only focally repre- 
sented and it is unusual to find all 
present in any individual tumor. Cyto- 
keratins, vimentin, and muscle-specific 
actin have been described in normal 
and modified myoepithelial cells but 
they could not be identified in the 
present tumor. Although this may sim- 
ply reflect suboptimal fixation of the 
tissue in unbuffered 4% formaldehyde, 
the expression of intermediate fila- 
ment proteins and other antigens is 
highly variable in neoplastic myoepi- 
thelial cells.” Glial fibrillary acid pro- 
tein has been demonstrated in the 
myoepithelial cells of pleomorphic ade- 
noma, myoepithelial adenoma, and 
myoepithelioma™” and, in the study of 
Mori et al,” this intermediate filament 
protein was detectable in 3 of 6 spin- 
dle-cell myoepitheliomas compared 
with 1 of 11 plasmacytoid 
myoepitheliomas. 

Experience of salivary gland abnor- 
mality readily permitted the diagnosis 
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in the current case. Nevertheless, oth- 
er entities have to be considered in the 
differential diagnosis, such as heman- 
giopericytoma, embryonal rhabdomyo- 
sarcoma, and neurofibroma. This last 
tumor is frequently myxoid and often 
contains an abundance of mast cells. 
Moreover, the spindle cells of a neuro- 
fibroma may contain glial fibrillary 
acid protein.” However, vimentin and 
S 100 protein would also be expected 
to be present and no axons were iden- 
tifiable in the current tumor. 

Perhaps of greater concern is the 
possibility that this tumor might be 
malignant, in view of the nuclear pleo- 
morphism and mitotic activity. There 
was, however, no evidence of frank 
malignancy (invasion beyond the cap- 
sule or necrosis). In the series of 23 
myoepitheliomas of salivary gland re- 
ported from the Armed Forces Insti- 
tute of Pathology by Sciubba and 
Brannon,” the contributor’s diagnosis 
was of a malignant tumor in 7. Ashton” 
commented that in pleomorphic adeno- 
ma, spindle-cell proliferation may occa- 
sionally be dense and form tumor 
masses closely resembling “fibrosarco- 
ma or neurosarcoma.” 

It is known that histologically be- 
nign pleomorphic adenoma can metas- 
tasize and, in one such case, a nodal 
metastasis was composed entirely of 
spindle cells, again without features of 
frank malignancy.” Dardick et al” re- 
ported a spindle-cell myoepithelioma of 
the parotid gland in a 52-year-old man 
that recurred three times. In the last 
two specimens there was mild-to-mod- 
erate nuclear pleomorphism and readi- 
ly apparent mitotic activity and, 14 
years after the initial resection, a he- 
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è Ultraviolet radiation may play a caus- 
ative role in a number of human ocular and 
dermatologic conditions; reduction of en- 
vironmental UV light exposure may de- 
crease their incidence. We investigated 
the effects of two different UV light-ab- 
sorbing chromophores, octy! methoxycin- 
namate (Parsol-MCX) and butyl methoxy- 
<: dibenzoylmethane (Parsol-1789) on cor- 
- neal UV light transmittance, and evaluated 
topically applied Parsol-MCX for its pro- 
_ tective effect against experimental UV 
light-induced keratitis in New Zealand 
_ white rabbits. Both Parsol-1789 (UV-A light 
absorber) and Parsol-MCX (UV-B light ab- 
- sorber) are weil tolerated by New Zealand 
-white rabbit eyes. Pretreatment with a sin- 
- gle drop of Parsol-MCX reproducibly pro- 
- tected against UV light-induced keratitis, 
apparently by absorbing greater than 75% 
of UV-B (peak wavelength, 308 nm) irradi- 
ation. | 
(Arch Ophthalmol. | 
1144) 









1990; 108: 1142- 


U ltraviolet radiation, especially UV- 
B light (wavelength, 290 to 320 
nm), is thought to be etiologically re- 

_ lated to a number of human ocular le- 
sions, including pterygia, conjunctival 
dysplasia, cortical cataract,' and, pos- 
sibly, macular dysfunction.” Epidemi- 

-~ ologic data in the United States sug- 
= gest that exposure to sunlight, espe- 
-cially UV-B light, increases the risk of 
developing cataract,* and, experimen- 
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most susceptible to damage from UV- 
B radiation.*’ Snow blindness of polar 
explorers is an example of acute cor- 
neal photodamage produced by UV-B 
radiation. Topically applied UV light- 
absorbing chromophores have proved 
nontoxic and effective in preventing 
acute UV light-induced injury to the 
skin, and are used clinically as sun- 
screens. Similarly, a locally applied 
sunscreen could possibly alter corneal 
transmittance of UV light and protect 
the eye from UV light damage. Accord- 
ingly, we investigated the safety and 
efficacy of two chromophores, octyl 
methoxycinnamate (Parsol-MCX, 
Givaudan SA, Geneva, Switzerland) 
and butyl methoxydibenzoylmethane 
(Parsol-1789, Givaudan SA). Parsol- 
MCX absorbs UV light at wavelengths 
between 270 and 355 nm, and Parsol- 
1789 absorbs UV light at between 355 
and 400 nm. When applied topically to 
the conjunctival space, these com- 
pounds have been shown to be nontoxic 
to rabbit eyes (N. Baron, MD, written 
communication, August 1988). 

Because there is an inverse relation 
between wavelength and photon en- 
ergy, shorter radiation wavelengths, 
such as UV-B light, possess higher en- 
ergy per photon than do visible light or 
UV-A light. Normal cornea transmits 
80% of visible light (400 to 700 nm), 
but transmission decreases to 0% be- 
low 290 nm. Nonionizing radiation 
must be absorbed by tissue to produce 
damage; thus UV light between 280 
and 310 nm, which is almost com- 
pletely absorbed by normal cornea, 
could be expected to produce tissue in- 
jury. Indeed, such UV light-induced 
corneal injury has been demonstrated 
to be maximal for wavelengths be- 
tween 270 and 290 nm." 

We investigated the effects of Par- 


opical Ultraviolet Light-Absorbing Chromophore 


Protects Against Experimental Photokeratitis 


sol-1789 and Parsol-MCX on corneal 
UV light transmittance and evaluated 
Parsol-MCX for its protective effect 
against experimental UV light-in- 
duced keratitis in New Zealand white 
(NZW) rabbits after single-dose topi- 
cal administration. 


MATERIALS AND METHODS 


Ultraviolet light transmittance spectra 
were obtained from three untreated, nor- 
mal NZW rabbit corneas. The rabbits were 
killed, and a central corneal button was ex- 
cised with a 9-mm trephine and placed in a 
quartz cuvette (VWR Scientific, San Fran- 
cisco, Calif). The cuvettes were first masked 
with opaque tape to an 8-mm light port and 
shown to be balanced for light transmit- 
tance. Transmittance spectra between 200 
and 800 nm were then performed on the 
clear corneas using a UV-160 recording 
spectrophotometer (Shimadzu, Kyoto, Ja- 
pén). l 

One gram of Parsol-1789 was dissolved in 
10 g of castor oil USP (Humco Laboratory, 
Texarkana, Tex). A second group of NZW 
rabbits received a single drop of Parsol- 
1789 to one eye and were killed at 5, 30, 60, 
120, and 240 minutes after chromophore 
administration for corneal transmittance 
spectra. Three animals were used at each 
time point. Transmittance spectra were ob- 
tained also in two rabbit corneas 5 minutes 
after treatment with a single drop of undi- 
luted Parsol-MCX. All transmittance spec- 
tra were performed as described above. 

A third group of NZW rabbits was 
treated with a single drop of undiluted 
Parsol-MCX to the right eye and exposed to 


an 80-W fluorescent UV light source (peak 


emission at 308 nm) (F40UVB, Philips, 
Eindhoven, the Netherlands) at a distance 
of 15 em for 15, 30, or 60 minutes. Three an- 
imals were utilized at each time point. The 
left eye of each animal was used as a 
control, receiving a single drop of castor oil 
USP and an identical dose of UV radiation. 
A 15-minute exposure was determined in 
our pilot studies to reliably produce thresh- 
old keratitis, characterized by mild con- 
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žig 1.—Transmittance spectrum 5 minutes af- 
ter application of a single drop of UV-A light- 
absorbing Parsol-1789 (10% wt/wt) (dia- 
monds) compared with fellow untreated cornea 
(squares) (mean values for three animals) 
shows greatest decrease in transmittance be- 
tween 320 and 350 nm (arrowheads). 
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Mean + SD 
Duration of McDonald- 
UV Light Exposure, min Shadduck'' Score 
15 7.6 + 1.9 
30 11.2 + 2.4 
60 18 


* Control eyes received a single drop of castor oil USP prior to UV light treatment. 


Ocular Inflammation After Exposure to UV Light 
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Mean + SD 
No. of McDonald- No. of 
Eyes Shadduck''Score' Eyes P 
5 0.3 + 0.6 5 .002 
5 122 0.8 
1 12-32 
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Fig 2.— Transmittance spectra 5 (squares), 60 
(diamonds), and 120 (triangles) minutes after 
application of Parsol- 1789 in one animal shows 
persistence of decreased transmittance for 
120 minutes; at 240 minutes, the transmit- 
tance spectrum was identical to the untreated 
fellow eye (mean values for three animals). 


Parsol-MCXt 





+Parsol-MCX-treated eyes received a single drop of Parsol-MCX prior to UV light treatment. 
+P was obtained by comparing the 30-minute control group with the 60-minute treated group. 


junctival injection and slight corneal punc- 
tate fluorescein staining. The rabbits were 
evaluated for keratouveitis by a masked 
observer 24 hours following UV light expo- 
sure, and the eyes were scored using the 
method of McDonald and Shadduck"' for 
conjunctival injection and chemosis, con- 
junctival discharge, corneal punctate epi- 
thelial disease, fluorescein staining, aque- 
ous reaction, and iris vascular engorge- 
ment. Tests for significant differences 
among the different groups were performed 
using the two-tailed Student’s t test for un- 
paired observations. 


RESULTS 
Transmittance of Normal Cornea 


In normal corneas, an average 
transmittance of 78.4% occurred at 
800 nm (not shown), dropping gradu- 
ally and steadily to 68.8% at 400 nm 
(Fig 1). Transmittance then dropped 
sharply to 9% at 300 nm and was 0% 
below this wavelength. 


Parsol-1789 Transmittance 


Figure 1 also depicts the effect on 
corneal UV light transmittance of 
treatment with a single drop of 
10% wt/wt Parsol-1789. In the chro- 
mophore-treated animals, the entire 
curve was shifted downward; evalua- 
tion of change in slope reveals the most 
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significant reduction in transmittance 
to be between 320 and 350 nm. The re- 
duction in UV light transmittance af- 
ter a single drop of Parsol-1789 per- 
sists for 120 minutes (Fig 2); by 240 
minutes, the effect is no longer present. 


Parsol-MCX Transmittance 


Transmittance of a cuvette coated 
with a thin layer of undiluted Parsol- 
MCX is high between 360 and 800 nm 
and drops sharply below 350 nm to 
zero. Since Parsol-MCX absorbs UV in 
the same spectral range as does nor- 
mal cornea, the Parsol-MCX-treated 
corneal transmittance curves show 
minimal reduction in UV light trans- 
mittance (Fig 3); consequently, we 
could not perform a spectrophotomet- 
ric time course to determine how long 
the chromophore persisted. Although 
the entire Parsol-MCX-treated trans- 
mittance curve is shifted downward, 
the most significant change in the 
slope of transmittance is between 310 
and 350 nm. 


Production of UV Keratitis 
and Protection by Parsol-MCX 


The threshold UV light dosage re- 
quired to produce minimal keratitis 
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Fig 3.—Transmittance spectrum of normal 
New Zealand white rabbit cornea 5 minutes af- 
ter application of drop of Parsol-MCX (dia- 
monds) demonstrates minimal reduction in UV 
light transmittance (between arrowheads) 
(mean values [squares] are for three animals.) 





Fig 4.—Top, Parsol-MCX-treated right eye ir- 
radiated for 60 minutes is without keratitis and 
iritis. Center, Fellow eye of rabbit shown at top 
after topical castor oil USP and 60 minutes of 
UV irradiation. Marked keratitis and iritis are 
visible. Bottom, Same eye as at center, with 
fluorescein staining delineating epithelial irreg- 
ularity and defect. 
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- was determined by irradiating normal, 
untreated rabbit eyes with the 308-nm 
‘UV light source for various time inter- 
vals. Twenty-four hours after expo- 
sure, all eyes were evaluated for kera- 
- titis and scored by the method of Mc- 
~ Donald and Shadduck.'' A 15-minute 


< exposure induced mild keratitis in all 
- eyes. A dose-response curve was ob- 
tained in the control eyes exposed to 


o UV light, with progressively longer 


_ exposure periods resulting in increas- 
ing inflammation (Table). Pretreat- 


= ment with Parsol-MCX prevented 


keratouveitis from 30-minute and 60- 
minute (Fig 4) exposures, whereas a 
15-minute exposure of castor oil- 
treated control eyes reliably produced 
keratitis (P < .001). The protective ef- 
fect of Parsol-MCX persists at least 
120 minutes, because delaying the 60- 
minute UV light exposure until 60 
minutes after application of chro- 
mophore also showed protection from 
the keratitis. 


COMMENT 


In our studies, two UV light-absorb- 
ing chromophores (Parsol-1789 and 
Parsol-MCX) appeared to be well tol- 
erated by NZW rabbit eyes when top- 
ically applied to the conjunctival space 
in a single drop. In no animal was acute 
toxicity noted, as manifested by ap- 
parent discomfort, corneal clouding, 
conjunctival hyperemia or chemosis, 
or decreased appetite. We performed 
trephinations of corneas at various 
times after application of topical chro- 
mophore, then used a spectrophotom- 
eter to measure decreased transmit- 
tance. A 20% reduction in corneal UV- 
A light transmittance was achieved 
following a single drop of 10% wt/wt 
Parsol-1789. Because UV-A light prob- 
ably has little ability to cause kerati- 
tis, this protection is possibly of lim- 
ited clinical significance. In contrast, 
Parsol-MCX, a UV-B light-absorbing 
chromophore, protected our rabbit 
corneas against experimental UV 
light-induced keratitis. Pretreatment 
with Parsol-MCX allowed a fourfold 
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inerease in UV light dosage without 
producing observable keratitis. This 
protective effect persists when the UV 
light exposure is delayed for 60 min- 
utes after application of the chro- 
mophore. Since Parsol-MCX absorbs 
light in the UV-B light range, these 
findings are consistent with prior stud- 
ies that have demonstrated UV light- 
induced keratitis to be primarily due to 
UV-B radiation.'*"? We did not see any 
apparent toxicity immediately after 
application of drops containing either 
Parsol-1789 or Parsol-MCX or after 24 
hours (Table), suggesting that these 
chromophores are nontoxic in the 
short term. Further studies are indi- 
cated to rule out possible long-term 
toxicity. 

We attempted to quantitate the re- 
duction in UV light transmittance 
from topically applied chromophores 
in two fundamentally different ways— 
in vitro spectrophotometric measure- 
ment of corneal transmittance and in 
vivo reduction of clinical UV light-in- 
duced keratitis. Since untreated nor- 
mal cornea transmits little UV-B ra- 
diation, the reduction of UV light 
transmittance in this wavelength 
range by a chromophore cannot be ad- 
equately assessed by spectrophoto- 
metric measurement. Because of the 
necessity of trephining the corneas, 
with loss of precorneal tear film, we 
believe that simple in vitro spectre- 
photometric measurement probably 
underestimates the actual reduction in 
UV light transmittance. An in vivo 
model assessing corneal injury from 
UV radiation provides a quantitative 
assessment of UV-B light damage, and 
relative protection by a chromophore 
can be quantitated into a sun protec- 
tion factor defined as threshold UV 
light dose in chromophore-treated 
eyes or threshold UV light dose in un- 
treated eyes. Because of its reproduc- 
ibility, this in vivo method is used to 
evaluate sunscreens for dermatologic 
use. Using this measure, we observed a 
sun protection factor of at least 4 after 
application of one drop of Parsol-MCX. 

Since normal human cornea trans- 
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mits almost all light longer than 300 
nm, ocular contents such as lens and 
retina are constantly subjected to UV- 
A and UV-B nonionizing radiation. 
This lifelong exposure of ocular tissues 
produces cumulative damage to the 
lens'** and retina.’ Prevention of pho- 
todamage by reduction of UV light ex- 
posure by alteration of corneal trans- 
mittance is potentially of clinical sig- 
nificance. Krah et al have shown an in 
vitro reduction in corneal UV light 
transmittance following topical tetra- 
cycline. Tetracycline is a photosensi- 
tizing agent, however, and its use as a 
UV light-absorbing chromophore is 
therefore not advisable. In addition, 
tetracycline was not demonstrated to 
be effective in reducing UV light-re- 
lated injury. Bergmanson and 
coauthors’ demonstrated that UV 
light-filtering soft contact lenses could 
protect the rabbit cornea from photo- 
keratitis, similar to our findings with a 
topical chromophore. Unlike our 
study, they used a single exposure time 
for the control and UV light-filtering 
lens eyes, and it is unlikely that a con- 
tact lens would protect against UV 
light-induced conjuctival injury. 

Hats and sunglasses reduce ocular 
UV light exposure incompletely. In 
fact, sunglasses that insufficiently ab- 
sorb UV light can paradoxically in- 
crease the amount of UV light reach- 
ing the intraocular tissues by produc- 
ing pupillary enlargement. We 
conclude that a UV light-absorbing 
chromophore, topically applied to the 
conjunctival space, could possibly re- 
duce cumulative human ocular damage 
by nonionizing radiation and augment 
the effect of hats and sunglasses. Fur- 
ther studies will be necessary to deter- 
mine if UV light-absorbing chro- 
mophores, such as Parsol-MCX, might 
be of clinical value in the prevention of 
UV light-induced keratitis and other 
ocular lesions, such as cataract and 
retinal lesions. 
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of the compounds used in this study or in their 
manufacturers, 
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~-@-We present a murine model of trilat- 
eral retinoblastoma. Ocular retinoblas- 
toma and central nervous system tumors 
are observed in a line of mice formed by 
the transgenic expression of SV40 T-anti- 
gen. An oncogenic protein known to bind 
to the retinoblastoma gene product 
(p105-Rb). is specifically expressed within 
retinal cells in this model. All animals that 
carry this genetic alteration develop mul- 
tifocal retinal tumors. Midbrain tumors are 
observed in 15% of ocular tumor-bearing 
‘and these arise ventral to the 
ebral aqueduct at the level of the pineal 
id. Both ocular and central nervous 
system neoplasms are heritable in het- 
“erozygous offspring through 10 sequential 
‘generations of breeding. Retinal tumors 













Retinoblastoma (Rb) is the most 
common ocular malignancy of 
childhood. Thirty percent to 40% of 
children with Rb have a heritable form 
of this disease, while the remaining 
affected children have spontaneous so- 
“matic mutations that will not be trans- 
mitted to their own offspring. 

bservation of the transmission 
n of Rb led Knudson et al’ to 
rmulate a “two hit hypothesis” for 
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Transgenic Mouse Model for Trilateral Retinoblastc 
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display the gross appearance, invasive 
properties, light and electron microscopic 
features, and immunohistochemical stain- 
ing characteristics of human retino- 
blastoma. The light and electron micro- 
scopic characteristics as well as immuno- 
cytochemical features of undifferentiated 
midline central nervous system neoplasms 
turther correlate with human trilateral 
retinoblastoma. We postulate an alterna- 
tive mechanism of retinoblastoma tumori- 
genesis that involves functional inactiva- 
tion of retinoblastoma protein locally in 
the face of an intact retinoblastoma gene 
locus. 

(Arch Ophthalmol. 
1151) 


1990; 108: 1145- 


tumorigenesis. They postulated that 
the heritable form of Rb arises 
through transmission of a mutant al- 
lele from a carrier parent or through a 
new mutation that appears in the 
germline. Such a mutant allele is car- 
ried within every cell of the affected 
child. A second somatic mutation at a 
locus homologous to the mutant locus 
occurs in the retina, resulting in com- 
plete inactivation of the Rb gene prod- 
uct and triggering tumorigenesis. The 
developing retina contains a large 
number of cells susceptible to Rb inac- 
tivation, and this accounts for high 
penetrance as well as bilateral, multi- 
focal expression in the heritable form 
of this disease. Eighty percent to 90% 
of children with heritable germline 
mutations in the Rb locus will develop 
this ocular malignancy. 

The second form of Rb is not herita- 
ble. This neoplasm arises through two 
unrelated mutational events that oc- 
cur at homologous loci within a single 
retinal cell. These double mutation 
events are unlikely to occur sporadi- 
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cally in more than one retinal cel 
nonheritable form of Rb is there 
expressed unifocally and unilater 
Children with this form of the disea 
show mutations only within tu 
cells and therefore do not transmit th 
disease to their own offspring. 
Knudson’s theory has been substan- 
tiated by cytogenetic investigation of 
deletions specific to Rb,’ the observa- 
tion of restriction fragment-length 
polymorphism in a linked genetic 
marker,** and cloning of DNA loci that: 
correspond to the Rb gene.” Both 
copies of the Rb gene are altered in Rb- 
as well as in some osteosarcomas and 
soft-tissue sarcomas.**"! Absent or al- J 
tered messenger RNA expression is- 
reported in the majority of sporadic - i 
and familial Rbs.” . 
An association of bilateral Rb with 
midline intracranial malignancies in- - 
volving the pineal gland or suprasellar - 
or parasellar regions has been recog- - 
nized occasionally in patients with the 
heritable form of this disease." The 
clinical entity has been termed huma 
trilateral Rb. Central nervous systet 
lesions are believed to be second pr: 
mary tumors rather than metastatic 
lesions, based on a number of. histo- 
pathologie criteria. The cone 
appearance of bilateral ox 
and midline intracrani 
argues for the existence of 
dial cell that is transfo 

instances. 
It is noteworthy: 3 th 
irvi ivè bilat 
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the Rb gene may have a central role in 
restraining tumorigenesis. It is loss or 
alteration of the Rb gene that predis- 
poses to malignant transformation, 
earning it the designation of tumor- 
suppressing gene or antioncogene. 

Evidence for a direct interaction be- 
tween the Rb gene as a tumor-sup- 
pressing gene and known tumor-pro- 
moting genes has recently become 
available.” It is postulated that on- 
cogenic proteins may induce malig- 
nant transformation by blocking nor- 
mal cellular regulatory proteins. The 
product of the Rb gene is known to be 
a nuclear phosphoprotein.” Although 
the specific function of the Rb protein 
remains undefined, it is believed that 
this protein plays a critical role in 
maintaining normal cellular growth. 
Specific binding and functional in- 
activation of pl05-Rb may be one 
mechanism through which oncogenic 
proteins induce transformation. The 
SV40 T-antigen (SV40 T-ag) is a well- 
characterized viral protein known to 
promote tumorigenesis. The trans- 
forming function of SV40 T-ag may 
require specific binding to the Rb gene 
product.***4* This Rb-binding onco- 
gene exhibits sequences homologous to 
a number of known oncogenes. The 
T-ag is used as a transgene in the 
present model. 

Transgenic mice are created by in- 
troduction of new genes into pronuclei 
of recently fertilized eggs. The em- 
bryos are transferred to pseudopreg- 
nant mothers and allowed to develop to 
term. In a fraction of births the in- 
jected gene or genes are incorporated 
into the genome of all cells, including 
the germ cells, thereby creating a 
transgenic animal.” We previously de- 
scribed the molecular biologic corre- 
lates of this process.” We now report 
and characterize the development of 
heritable ocular tumors and midline 
brain tumors with marked resem- 
blance to human trilateral Rb in a sin- 
gle line of transgenic mice. These 
mice represent the first animal model 
of this human malignancy. 


MATERIALS AND METHODS 


The transgene used in this model con- 
tained the human luteinizing hormone 
(LH) 8-subunit promoter region from 
—1.09 kb to +9 base pair relative to the 
transcription initiation site. This promoter 
was linked to the SV40 early region from 
the Bgl I site to the BamHI site.” This re- 
striction fragment lacked the SV40 early 
promoter region but contained the protein 
coding region for T-ag and t-ag, including 
the translation initiation and transcription 
termination sites. The fusion construct was 
purified and injected into fertilized single- 
cell oocytes.” The F, generation was pro- 





Fig 1.—Focus (arrows) of retinoblastoma cells located in the area of the bipolar cell layer (b) of 
the retina demonstrating Homer Wright rosettes. Photoreceptor cell layer (P) is observed (hema- 
toxylin-eosin, original magnification X700). 


duced by mating transgene-bearing ani- 
mals with CB6F1/J (C57B1/6J X Balb/cJ) 
males and females, obtained from Jackson 
Laboratory, Bar Harbor, Maine. Trans- 
gene-bearing offspring were selected by 
slot-blot analysis of tail DNA using an 
SV40 T-ag-specific probe. 

Mice were sacrificed and necropsies per- 
formed 6 weeks to 4 months after birth. 
Tissues were fixed in 5% buffered formalin 
and 3% phosphate-buffered glutaralde- 
hyde-sucrose or quick frozen in liquid ni- 
trogen. Processed tissue was sectioned for 
light microscopy and transmission electron 
microscopy or for immunohistochemical 
analysis. Southern blot analysis of total ge- 
nomic DNA was performed using an SV40 
T-ag-specific probe.” 


RESULTS 


Fifteen lines of transgenic mice 
were created. Bilateral ocular tumors 
occurred in a single line of mice as a 
result of transgene expression. In the 
remainder of the transgenic lines a low 
level of T-ag expression was observed 
in gonadotrope cells of the anterior 
pituitary. The present investigation 
focuses on the single murine line with 
ocular tumor phenotype. 

Gross examination of enucleated 
eyes shows a spectrum ranging from 
apparently normal eyes to eyes con- 
taining retinal tumors filling the vit- 
reous cavity. All animals that carry 
the transgene in this line of mice 
develop ocular tumors. The tumors are 
consistently bilateral and multifocal 
and begin to develop at age 1 to 2 
months. Smaller tumors appear con- 
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tiguous with the retina, while larger 
tumors are associated with total reti- 
nal detachment and optic nerve inva- 
sion. Approximately 15% of trans- 
genic animals develop focal midline 
neoplasms involving the midbrain in 
the region of the pineal gland. These 
midbrain tumors are observed in ani- 
mals that show early intraocular neo- 
plasms that have not yet invaded the 
optic nerve. 

Microscopically, intraocular tumors 
(Figs 1 and 2) are composed of small 
cells with relatively large hyperchro- 
matic nuclei and scanty cytoplasm. 
Two types of rosettes are seen. The 
first is composed of rows of photore- 
ceptorlike cells separated by a delicate 
basement membrane from an internal 
photoreceptorlike material (Flexner- 
Wintersteiner rosette). The second ro- 
sette structure is characterized by a 
single row of larger cuboidal cells that 
surrounds a fibrous matrix (Homer- 
Wright rosette). Tumor cells are ad- 
herent to the retinal pigment epithe- 
lium and to Bruch’s membrane and are 
present within the choroid and the op- 
tic nerve. 

Midbrain tumors typically display 
round, undifferentiated cells arranged 
in a diffuse manner or in clusters. Nu- 
clei are round to oval and occasionally 
indented; they have dispersed chroma- 
tin and small nucleoli. More differen- 
tiated brain tumors are composed of 
somewhat smaller cells with hyper- 
chromatic nuclei; these cells are some- 
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Fig 2.—Top, Retinal tumor showing cells with photoreceptor character- 
istics forming large rosettes (hematoxylin-eosin, original magnification 
X500). Bottom, High-powered view of Flexner-Wintersteiner rosette 
(hematoxylin-eosin, original magnification X 1000). 


times arranged in a palisading pattern 
(Figs 3 and 4). 

Electron microscopic studies of in- 
traocular tumors confirm light micro- 
scopic findings of generally uniform, 
small cells with large nuclei and scanty 
cytoplasm (Fig 5). Rosettes composed 
of photoreceptor cells with delicate in- 
ternal-limiting membranes and inner- 
segment material are seen (Fig 6). Less 
differentiated rosettes, characterized 
by cuboidal tumor cells arranged in a 
radial pattern around a tangle of 
fibrils, are also abundant (Fig 7). 

Additional ultrastructural features 
of intraocular tumors include cilia 
with a characteristic 9 + 0 configura- 
tion (Fig 8); nuclear triple membrane 
structures with a central dense layer of 
either granular or fibrillar chromatin 
bounded on both sides by membrane 
(Fig 9); cytoplasmic microtubules (Fig 
10); and dense-core secretory granules 
(Fig 11). Midbrain tumors are gener- 
ally less differentiated than intraocu- 
lar tumors, although membrane- 
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Fig 3.—Top, Sagittal section of neuroblastic brain tumor (m) localized 
to the midbrain, anterior to the cerebellum (c), at the level of the pineal 
gland. A normal pineal gland is observed (arrows) (hematoxylin-eosin, 
original magnification X300). Bottom, High-powered view of brain tumor 


demonstrating highly undifferentiated, bizarre cells with palisading nu- 
clei and numerous mitoses (original magnification X700). 


bound mitochondria with resemblance 
to inner-segment structures of normal 
retina are present. 

Immunohistochemical analysis re- 
veals intraocular and midbrain tumors 
to be positive for neuron-specific eno- 
lase and negative for S100 protein and 
vimentin. Glial fibrillary acidic pro- 
tein is identified within the stroma of 
the tumor but not within the tumor it- 
self. 

Fifty percent of progeny from mat- 
ings between transgene-bearing ani- 
mals and CB6F1/J breeders carry the 
SV40 T-ag transgene. This heterozy- 
gous transmission pattern was con- 
firmed through 10 generations by dot- 
blot analysis of purified tail DNA us- 
ing an SV40 T-ag-specific probe. The 
transgene acts dominantly in determi- 
nation of phenotype; 100% of dot- 
blot-positive animals develop ocular 
neoplasms with diagnostic features of 
retinoblastoma. Fifteen percent of 
these transgene-bearing animals de- 
velop midline brain tumors. 
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Northern-blot analysis of total RNA 
prepared from a variety of transgenic 
tissues shows specific expression of 
SV40 T-ag within ocular tissues.” 
Southern-blot analysis of total ge- 
nomic DNA using an SV40 T-ag-spe- 
cific probe reveals a relatively simple 
restriction pattern in the region of 
transgene integration. The transgene 
is contained within a 23-kb ECORI 
fragment (Fig 12). We previously pro- 
vided evidence of a specific association 
between SV40 T-ag and pl05-Rb 
within tumor cells by immuno- 
precipitation.” The transgene integra- 
tion site on chromosome 4 is clearly 
distinct from the Rb locus.” i 


COMMENT 


A single line of transgenic mice car- 
rying the protein-coding region of 
SV40 T-ag fused to an LH ß8-subunit 
promoter develop heritable ocular tu- 
mors with marked resemblance to hu- 
man Rb. Retinoblastoma is a neuro- 
blastic tumor of nucleated retinal lay- 
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Fig 4.—Higher-powered view of normal pineal gland (p) with adjacent 
dysplastic cells (arrows) within the midbrain (hematoxylin-eosin, original 


magnification X750). 





Fig 6.—Photoreceptor cells from the retina! tumor (arrows) in the inner 
portion of a rosette. Limiting membrane (LM) and inner-segment mate- 
rial (IS) are present within the lumen (L) (original magnification X1 560). 


ers characterized by cells with large 
hyperchromatic nuclei and minimal 
cytoplasm.”*° The tumor tends to out- 
grow its blood supply; viable tumor 
cells surround dilated blood vessels 
while areas 110 um or more from 
nutrient vessels show coagulative ne- 
crosis with prominent calcification.” 
In rare instances, complete necrosis 
and calcification have been associated 
with spontaneous and permanent re- 
gression of this malignancy.” 

Rosette formation is also a distinc- 
tive feature of human Rb. No other 
neural tumor contains these highly 
differentiated rosettes in such large 
numbers.” The Flexner-Wintersteiner 
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Fig 5.— Undifferentiated tumor cells arising from the retina, having small 
round nuclei (n), one or more nucleoli (ni), and dispersed chromatin. Note 


the invaginations of the nuclear envelope (arrow). The cytoplasm con- 
tains mitochondria (M) and ribosomes (R) (original magnification 


X3080). 


rosette, composed of cuboidal cells at- 
tached at apical ends by terminal bars 
surrounding a central lumen, is a di- 
agnostic feature of Rb. The Homer 
Wright rosette is also characteristic of 
Rb, but has been described in other 
neural tumors, including neuroblasto- 
ma, sympathicoblastoma, and cerebel- 
lar medulloblastoma. This rosette is 
composed of a single row of cuboidal 
cells surrounding a tangle of fibrous 
cytoplasmic processes.® Both Flex- 
ner-Wintersteiner and Homer Wright 
rosettes are observed in every trans- 
genic intraocular tumor examined. 
More differentiated transgenic mid- 
brain neoplasms also display rosette 
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Fig 7.—Area of cuboidal retinal tumor cells forming a rosette pattern 
around a fibrous matrix (F). The nuclei contain nucleoli (Ni) and marginal 
chromatin (C) and have invaginated nuclear membranes (arrows). There 
are mitochondria and groups of ribosomes (R) in the cytoplasm (original 
magnification X6055). 


formation. 

Electron microscopic studies of 
transgenic Rbs confirm ultrastruc- 
tural features consistent with human 
Rb, including cilia with a 9+0 pattern, 
cytoplasmic microtubules, and lamel- 
lated membranes. As in human Rb, 
Müller cells that normally separate 
the inner segments of photoreceptor 
cells are absent; tumor cells are joined 
directly by terminal bars. 

Immunohistochemical stains are 
also consistent with human Rb and are 
identical to a widely studied human Rb 
cell line, Y-79. While undifferentiated 
human Rb cells demonstrate both neu- 
ron-specific enolase and glial fibrillary 
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Fig 8.—Transverse section of cilia with a 9+0 pattern (arrows) and 
basal bodies (BB) (original magnification X41 000). 
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Fig 9.—Triple membrane structure (TMS) with dense chromatin mate- 
rial involving the nuclear envelope. A portion of the nucleus (N) is shown. 
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Fig 10.—Tumor-cell cytoplasm containing microtubules, with a diame- 
ter of 20 to 25 nm (arrows) (original magnification X 131 000). 


acidic protein, differentiated cells dis- 
play either glial or neuronal features.” 
These transgenic tumors, staining pos- 
itively for neuron-specific enolase and 
negatively for glial fibrillary acidic 
protein, display a neuronal pattern of 
differentiation. 

The characteristic mode of exten- 
sion of intraocular Rb is by local 
invasion.” Endophytic tumors grow 
from the retina into the vitreous space, 
while exophytic tumors grow toward 
the choroid. Invasion of the optic nerve 
with extension to the brain is also ob- 
served. Transgenic retinal tumors 
demonstrate endophytic growth, exo- 
phytic growth, and direct optic nerve 
invasion. 

Bilateral and multifocal tumors are 
associated with heritable Rb in chil- 
dren. This transgenic model parallels 
human germline mutation in that tu- 
mors are expressed in both eyes, with 
multiple discrete foci of tumor devel- 
opment. 
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The development of midbrain tu- 
mors at lower incidence suggests fur- 
ther correspondence with heritable 
human Rb. In the present model cen- 
tral nervous system tumors arise in 
conjunction with well-differentiated 
intraocular neoplasms that do not in- 
vade the optic nerve. Brain tumors 
were observed as unifocal, discrete 
masses involving the midbrain, in the 
region of the pineal gland. Diffuse 
spread along meninges is not observed. 
At necropsy, metastatic lesions are 
absent elsewhere in the body. The ap- 
pearance of these neoplasms is consis- 
tent with independent primary tumors 
as opposed to metastatic lesions.” 
These midbrain malignancies may cor- 
respond to para/suprasellar tumors 
observed in children with trilateral 
Rb. 

Why should the SV40 T-ag trans- 
gene produce ocular tumors with 
marked resemblance to human Rb? 
Although a complete explanation is 


Fig 11.—Neurosecretory granules (arrows) within ocular tumor cells 
(original magnification X41 000). 


not yet available, perhaps one step to- 
ward malignant transformation in- 
volves the specific expression of SV40 
T-ag within mouse retinal cells. The 
transforming region of T-ag is known 
to specifically bind the protein product 
of the Rb gene.” This binding may lead 
to inactivation of the Rb protein or to 
a reduction in the dosage of available 
Rb protein. Abnormalities in Rb-gene 
expression have been associated with 
malignant transformation in an in- 
creasingly wide variety of tu- 
mors.*!!!2!78 Loss of the Rb gene prod- 
uct has, however, been most frequently 
associated with the development of Rb. 
It is possible that the retina has a 
unique susceptibility to malignant 
transformation when p105-Rb is inac- 
tivated or when the available p105-Rb 
dosage is reduced. 

This provides only a partial expla- 
nation for tumorigenesis in our model. 
Although many transgenic lines with 
SV40 T-Ag pituitary expression were 
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Fig 12.—Southern blot analysis of SV40 T-ag hybridization to total genomic DNA from four trans- 
genic animals of the same line and BalbC control mice. A relatively simple restriction pattern in 
the region of transgene integration is evidenced by the fact that the transgene(s) is contained within 
a 23-b EcoRI fragment. 


developed, only one line showed phe- 
notypic expression of Rb. It is likely 
that some random integration event in 
this single F, mouse placed SV40 T-ag 
under other, unexpected, regulatory 
controls. 

Microinjected transgenes integrate 
into the genome randomly. When sev- 
eral lines of transgenic mice show an 
identical pattern of tissue-specific ex- 
pression, the likely conclusion is that 
regulatory signals within the trans- 
gene itself direct this tissue-specific 
expression. It is unlikely that the LHB 
promoter directs SV40 expression to 
the retina, given an absence of retinal 
tumors in other lines created with the 
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identical construct. If a single trans- 
genic animal shows a unique pattern of 
tissue-specific expression, then regula- 
tion of this expression probably lies 
outside the microinjected fusion con- 
struct. One explanation for ectopic ex- 
pression may be chromosome position 
and its effect on the incorporated 
transgene.*** It is possible that a ge- 
nomic enhancer or promoter region 
specific for the retina became domi- 
nant over regulatory units intrinsic to 
the microinjected fusion construct in 
our model. 

Studies are currently under way to 
investigate SV40 T-ag and p105-Rb co- 
expression in the retina and brain of 
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transgenic animals over time. Eluci- 
dation of integration events that may 
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will be achieved by retrieval of trans- 
genic flanking sequences. Identifica- 
tion and cloning of this regulatory re- 
gion could eventually provide an ave- 
nue for directing other genes of 
interest to be expressed specifically 
within retinal cells; this work is cur- 
rently in progress. Since the eye is not 
an essential organ for viability, ani- 
mals may be studied after enucleation 
for development of second malignan- 
cies. The ontogeny of Rb, including the 
cell of origin for both ocular and cen- 
tral nervous system neoplasia, will be 
available for study early in fetal de- 
velopment. No appropriate model for 
this malignant and heritable disease 
of childhood has previously been de- 
veloped. Transgenic mice will be useful 
for the investigation of chemothera- 
peutic agents, as well as for testing in- 
terventions that target responsible 
mutations at the level of DNA expres- 
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It has been shown that children with 
Rb develop this disease through ho- 
mozygous mutations in the Rb locus. 
With the Rb gene deleted or mutated, 
functional Rb protein cannot be gen- 
erated, and retinal cells undergo ma- 
lignant transformation. In this murine 
model of Rb, the Rb gene is intact, but 
an oncogenic protein that binds Rb 
protein is specifically expressed within 
retinal cells. The Rb protein is func- 
tionally inactivated through specific 
binding with this oncogenic protein. 
The end point is the same; Rb protein 
is not available to direct normal cellu- 
lar growth and differentiation, and Rb 
results. 
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e Acute and long-term effects of con- 
tact transscleral semiconductor diode la- 
ser cyclophotocoagulation were studied 
in rabbits. Immediately following cycto- 
photocoagulation, light microscopy re- 
vealed coagulation necrosis of the ciliary 
_ pigmented and nonpigmented epithelia 

-and stroma; destruction increased in rela- 
__ tion to power. There was architectural dis- 
ruption with higher energy levels. The 
findings with diode and continuous-wave 
_ contact neodymium-YAG lasers were sim- 
- ilar. In rabbits treated and followed up for 
_ 6 weeks there was a decrease in intraoc- 
ular pressure during the observation pe- 
_ tlod (P < .05, paired Student’s t test). The 
gross and light microscopic examination 
_ revealed focal atrophy and fibrosis of the 
ciliary processes, with pigment-laden 
macrophages on the ciliary processes and 
in the outflow pathways. Higher energy 
levels caused lens capsule damage and 
vitritis. The diode laser produced ciliary 
destruction similar to the continuous-wave 
contact neodymium-YAG laser in rabbits, 
with significant intraocular pressure low- 
ering during the 6-week follow-up. 

{Arch Ophthalmol. 1990;108:1152- 
1157) 





he semiconductor diode laser has 

been used to perform transpupil- 

lary retinal photocoagulation and ret- 

~ inal endophotocoagulation.* The di- 
©. ode laser produces light in the 780- to 
-ooo $50-nm spectrum; this is in contrast 
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wavelengths produced by both in- 
struments are well transmitted by 
the sclera, but the near infrared light 
generated by the diode laser has 
better melanin absorption than the 
longer wavelength light produced by 
the Nd-YAG laser. The infrared 
light of the diode laser causes ther- 
mal tissue damage, much like the 
ruby’ and the continuous-wave Nd- 
YAG laser. We have investigated 
the use of the semiconductor diode 
laser for contact transscleral cyclo- 
photocoagulation, and compared this 
with contact transscleral continuous 
wave Nd-YAG laser cyclophotocoag- 
ulation. 


MATERIALS AND METHODS 


We performed this study in two phases: 
an investigation of the immediate histo- 
pathologic changes due to contact trans- 
scleral diode laser cyclophotocoagulation 
(acute phase) as well as an evaluation of the 
long-term intraocular pressure (IOP) ef- 
fects and histopathologic changes due to 
contrast transscleral diode laser cyclopho- 
tocoagulation (longitudinal phase). All an- 
imals were treated in accordance with the 
Association for Research in Vision and 
Ophthalmology’s resolution on the treat- 
ment of animals in research. Animals were 
anesthetized with intramuscular ketamine 
(25 mg/kg), xylazine (1.4 mg/kg), and ace- 
promazine (0.35 mg/kg). 


Acute Phase 


We compared acute effects with contact 
transscleral Nd-YAG laser cyclophotocoag- 
ulation. Four dutch-belted rabbits under- 
went contact transscleral continuous wave 
semiconductor diode laser eyclophotocoag- 
ulation in one eye (818 nm, 400-um quartz 
fiberoptic probe, Nidek DC-1200, Palo Alto, 
Calif); the contralateral eye received con- 
taet transscleral continuous wave Nd-YAG 
laser cyclophotocoagulation (1064 nm, 600- 
m quartz fiberoptic fiber with synthetic 
sapphire tip, Surgical Laser Technologies 
Ine, Malvern, Pa). With both the diode and 
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xperimental Use of Semiconductor Diode Laser in 
Contact Transscleral Cyclophotocoagulation in Rabbits 


Joel 5. Schuman, MD; John J. Jacobson, MD; Carmen A. Puliafito, MD; Robert J. Noecker, MD; Wini T. Reidy 


the Nd-YAG lasers, three evenly spaced 
applications were placed at the limbus in 
each of the four quadrants, using 0.6, 0.9, 
1.8, and 2,7 J, respectively. The eyes were 
immediately enucleated and fixed in Kar- 
novsky’s solution following satisfactory se- 
dation, and the rabbits were killed. 


Longitudinal Phase 


Twelve dutch-belted rabbits underwent 
contact diode cyclophotocoagulation in one 
eye; the contralateral eye received no treat- 
ment (control eye). The rabbits were fol- 
lowed up for 6 weeks postoperatively prior 
to enucleation. One group of four rabbits 
was treated with 0.9 J per application, an- 
other group of four was treated with 1.8 J, 
and the last four rabbits were treated with 
2.7 J. Twenty evenly spaced applications 
were placed at the limbus in each group. 
The IOP was measured in the unrestrained 
rabbits using 0.5% proparacaine hydro- 
chloric acid preoperatively and three times 
per week postoperatively by pneumotonog- 
raphy (Digilab, Cambridge, Mass). The eyes 
were enucleated and examined as in the 
acute-phase study. 


RESULTS 
Acute Phase 


The gross examination revealed 
blanching of the ciliary processes at 0.6 
J and 0.9 J, with more intense whiten- 
ing at 1.8 J (Color Figs 1 and 2). Explo- 
sive destruction of the ciliary pro- 
cesses was seen occasionally at 1.8 J 
and frequently at 2.7 J. There were 
rare instances of scleral perforation at 
2.7 J. These findings were confirmed 
with scanning electron microscopy 
(Fig 1). Light microscopy revealed co- 
agulation necrosis of the pigmented 
and nonpigmented ciliary epithelium 
at all energy levels, with destruction 
increasing in relation to power. There 
was coagulation necrosis of the ciliary 
body stroma and vasculature as well: 
this was mild at 0.6 J and moderate at 
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Color Fig 1.—Gross photographs demonstrate acute lesions with con- 
tact semiconductor diode laser transscleral cyclophotocoagulation. 
Black-on-white arrow indicates 0.6 J; black-on-white curved arrow, 0.9 
J; white arrow, 1.8 J; and curved white arrow 2.7 J. Note the explosive 
destruction of the ciliary body with 2.7 J, and the progressive intensity 
of whitening of ciliary processes with increasing treatment energy. 








Color Fig 2.—Gross photographs demonstrate acute lesions with con- 
tact Nd-YAG laser transscleral cyclophotocoagulation. Black-on-white 
arrow indicates 0.6 J; curved arrow, 0.9 J; white arrow, 1.8 J; and curved 
white arrow, 2.7 J. Note the striking similarity of lesions to those created 
with the diode laser. There is explosive destruction of ciliary processes 


at higher energy levels and progressive intensity of whitening of ciliary 
processes with increasing treatment energy. Explosive tissue destruc- 
tion is seen in one location treated with 2.7 J (white arrowhead). 





Color Fig 3.—High-power gross photographs of contact semiconductor diode transscleral cyclophotocoagulation illustrate 
focal atrophy of ciliary processes associated with selected chronic lesions at 0.9 J (left). Compare with the acute lesion cre- 


ated with 0.9 J (right). 


0.9 to 1.8 J. There was architectural 
disruption of the ciliary stroma and 
epithelia at 2.7 J (Fig 2). The findings 
with diode and Nd-YAG lasers were 
similar on gross, scanning electron 
microscopic, and light microscopic ex- 
amination (Figs 1 through 4). 


Longitudinal Phase 


There was a decrease in IOP in all 
groups. Lowering of IOP below base- 
line was statistically significant by 
paired Student’s ¢ test through the 
first 2 weeks postoperatively in group 
1 (0.9 J) and throughout the 6-week 
follow-up (except for one time point) in 
group 2 (1.8 J); the IOP effects were 
variable in group 3 (2.7 J) (Fig 5). 

Gross examination of the globes 
from the 0.9-J group revealed focal at- 
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rophy of the ciliary processes in the 
areas of cyclophotocoagulation, with 
occasional vitreous condensation over 
the lesions (Fig 6). The 1.8-J group had 
more extensive ciliary process atro- 
phy, with rupture of the lens capsule in 
one animal. The vitreous body in the 
rabbit with the ruptured capsule was 
white and solid. The 2.7-J group had a 
white solid vitreous body; the ciliary 
processes were not seen on gross ex- 
amination. An occasional peripheral 
iridotomy was seen in all groups. Scan- 
ning electron microscopy confirmed 
the presence of ciliary process atrophy 
in the 0.9-J and 1.8-J groups (color 
Fig 3). 

Light microscopy revealed atrophy 
and fibrosis of the ciliary nonpig- 
mented and pigmented epithelium and 
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stroma in all groups (Fig 7). The rab- 
bits showed pigment-laden macroph- 
ages on the ciliary processes and in the 
outflow pathways. There was disorga- 
nization present in some lesions in the 
1.8-J group, which was much more 
pronounced in the 2.7-J group. Lens 
capsule damage was evident in one 
rabbit in the 1.8-J group and in all 
rabbits in the 2.7-J group (Fig 8). The 
opacified vitreous body contained large 
amounts of amorphous material (pro- 
tein) and acute and chronic inflamma- 
tory cells. 


COMMENT 


Laser cyclophotocoagulation causes 
destruction of the ciliary processes and 
lowering of IOP. Treatments have 
been performed using a ruby laser’ or 
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Fig 1.—Scanning electron photomicrographs 
of acute diode laser lesions illustrate coagula- 
tion necrosis of ciliary epithelium, progressing 
from minimal at 0.6 J (top left) to mild at 0.9 J 
(top right) and moderate at 1.8 J (bottom left). 
The 2.7-J lesion (bottom right) shows architec- 
tural disruption of tissue (arrows). Magnifica- 
tions of the four parts are between X25 and 
X29. 





Fig 2.—Light micrographs of acute diode laser 
lesions show coagulation necrosis at all energy 
levels delivered (0.6 J [top left], 0.9 J [top 
right], 1.8 J [bottom left], and 2.7 J [bottom 
right]). There is coagulation necrosis of the 
pigmented and nonpigmented ciliary epithelia 
(arrows). Stromal coagulation necrosis is evi- 
dent at 0.6 J through 2.7 J, andis more intense 
at the higher energy levels. Vascular conges- 
tion and thrombosis are evident (asterisks). 
Architectural disruption is seen at 2.7 J (curved 
arrow). The coagulation necrosis is progres- 
sively more intense with increasing energy de- 
livered (hematoxylin-eosin, X200). 





Fig 3.— Scanning electron photomicrographs of acute Nd-YAG laser lesions illustrate coagulation necrosis of ciliary epithe- 
lium, progressing from minimal at 0.6 J (left, X38) to mild at 0.9 J (center, X35) and moderate at 1.8 J (right, X21). 
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Fig 4.—Light micrographs of lesions created 
with contact transscleral Nd-YAG laser cyclo- 
photocoagulation using energy levels identical 
to those used with the diode laser (0.6 J [top 
left], 0.9 J [top right], 1.8 J [bottom left], and 
2.7 J [bottom right]). Histopathologic findings 
for the two lasers are nearly the same (hema- 
toxylin-eosin, X 200). 
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Fig 5.—Intraocular pressure (IOP) measurements during the 6-week follow-up of contact semiconductor diode transscleral 
cyclophotocoagulation in rabbits (left, 0.9 J; center, 1.8 J; and right, 2.7 J). Note the significant decrease in IOP in all groups 
following cyclophotocoagulation with the most prolonged IOP lowering in rabbits treated with the highest energy levels. The 
early IOP rise (center and right) is likely related to intraocular inflammation noted Clinically. 


Fig 6.—Scanning electron micrographs of 
chronic diode laser lesions show focal atrophy 
of the ciliary processes. Left, 0.9 J, and right, 
1.8 J (arrows) (X28). 
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Fig 7.—Light micrographs of chronic diode laser lesions demonstrating focal atrophy of the ciliary body 6 weeks after treat- 
ment with cyclophotocoagulation (left, 0.9 J; center, 1.8 J; and right, 2.7 J). Processes are shortened, with fusion occurring 
in some areas (asterisk). Focal disruption and necrosis of the pigmented and nonpigmented ciliary epithelium is seen at all 
energy levels. Pigment-laden macrophages are found on the ciliary processes and along the outflow pathways (arrow) (he- 


matoxylin-eosin, X200). 
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Nd-YAG laser (either with a contact 
probe or a slit-lamp delivery sys- 
tem).’'’ The results of these experi- 
ments indicate that it is possible to use 
the semiconductor diode laser for the 
purpose of contact transscleral cyclo- 
photocoagulation. 

The semiconductor diode laser has 
been used with a slit-lamp delivery 
system to perform transpupillary ret- 
inal photocoagulation. Puliafito and 
colleagues’ were the first, to our knowl- 
edge, to report the use of the diode la- 
ser for endophotocoagulation of the 
retina. As with the 1064-nm wave- 
length of the Nd-YAG laser, the infra- 
red wavelength of the diode laser pen- 
etrates the sclera well, and the diode 
laser is well suited for transscleral cy- 
clophotocoagulation. 

Lowering of IOP was achieved with 
contact transscleral semiconductor di- 
ode laser cyclophotocoagulation for 
the 6-week follow-up of the study in 
rabbits treated with 1.8 to 2.7 J; rabbits 
treated with 0.9 J tended to return to 
baseline IOP within 3 to 5 weeks after 
treatment. These results are similar to 
those of Wilensky and coauthors," who 
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found a reduction in IOP following 
noncontact Nd-YAG laser cyclophoto- 
coagulation in rabbits, with a return of 
the IOP to baseline in 2 to 6 weeks, as 
well as the findings of Latina and 
coworkers,’ who described comparable 
effects with contact Nd-YAG laser cy- 
clophotocoagulation. 

Short-duration IOP elevations were 
seen with 1.8-J and 2.7-J treatments, 
and were more pronounced with 
higher energy procedures. There was a 
profound and prolonged IOP lowering 
following the IOP rises; however, the 
intense IOP decrease in these cases 
may be related to the intraocular in- 
flammatory response, either related to 
decreased aqueous production or in- 
creased aqueous egress (through con- 
ventional outflow pathways, or trans- 
sclerally, as suggested by some 
authors”). Lens capsule rupture and 
vitreous opacification were only seen 
in eyes that developed a transient 
pressure elevation followed by a deep 
and prolonged IOP decrease. 

Contact transscleral semiconductor 
diode laser cyclophotocoagulation pro- 
duced coagulation necrosis, and subse- 
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Fig 8.—Breaks in the lens capsule are seen in 
one eye treated wilth 1.8 J (left) and all eyes 
treated with 2.7 J (right). An abnormal prolifer- 
ation of fibroblastic-appearing cells and extra- 
cellular material is seen underlying the capsu- 
lar breaks (Stevenol’s blue, X400). 


quent atrophy, of the ciliary body with 
prolonged IOP lowering in rabbits. 
Higher energies correlated with 
greater tissue damage on gross and 
histologic examination. Energies of 1.8 
J or higher ruptured the lens capsule 
with resultant intraocular inflamma- 
tion in this animal model. There did 
not appear to be a significant differ- 


ence histologically in lesions created # 


with the diode laser and those pro- 
duced with the Nd-YAG laser. 

This study demonstrated that the 
semiconductor diode laser can be used 
to perform contact transscleral cyclo- 
photocoagulation, and this treatment 
results in ciliary body coagulation ne- 
crosis and IOP lowering. Moreover, the 
effects of this laser are titratable and 
localized, with greater tissue damage 
occurring at the higher energy levels 
delivered. The semiconductor diode la- 
ser provides excellent scleral energy 
transmittance and better melanin ab- 
sorption than longer wavelength la- 


sers. In addition, the diode laser offers » 


the advantages of portability, small 
size, and light weight, and it uses 
standard current and air-cooling. 
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<- © Eighteen patients developed a toxic 
< endothelial cell destruction syndrome 
< following normal intraocular surgery, 
caused by a detergent residue originat- 
ing from irrigating cannulas. The residue 
occurred after the concentration of a 
detergent solution had been increased 


te = from 0.4% to 4%, in combination with 


insufficient cleaning of the cannulas. 
Mass spectrometric analysis revealed 
the detergent to contain a nonionic eth- 
oxylated fatty alcohol (6% vol/vol). Quan- 
titative endothelial vital staining and in 
vitro corneal endothelial perfusion dem- 
onstrated endothelial toxic effects at the 
1% and 0.06% level for the detergent and 
the pure ethoxylated fatty aicohol, re- 
spectively. Permeability studies showed 
that the toxic effects occurred as a result 
of endothelial barrier breakdown. 

(Arch Ophthalmol. 1990;108:1158- 
1162) 


4'rom March 1 to May 12, 1988, an 
outbreak of 18 cases of acute corne- 

al decompensation after apparently 
normal intraocular surgery occurred in 
the Department of Ophthalmology of 
the Academic Medical Center, Am- 
sterdam, the Netherlands. Evaluation 
of the entire surgical procedure related 





See also p 1121. 





this corneal decompensation to a 10- 
fold increase of the detergent concen- 
tration in the ultrasonic cleaning solu- 
tion. It was then surmised that 
detergent remnants of this stronger 
solution had remained inside the can- 
nulas, causing the postoperative de- 
compensation by a destruction of the 
endothelial barrier. 

Clinical symptoms, epidemiological 
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investigations, and endothelial mor- 
phometric analysis into this so-called 
toxic endothelial cell destruction 
(TECD) syndrome are reported sepa- 
rately in this issue (Breebaart et al). 
In this study, investigations on the 
chemical analysis and residue forma- 
tion of the detergent are reported. The 
endothelial toxic effects of the deter- 
gent were studied by quantitative en- 
dothelial vital staining and in vitro 
corneal endothelial perfusion. 


MATERIALS AND METHODS 


Routine Cleaning Procedure 
and Chemical Analysis 


The routine cleaning of oculosurgical can- 
nulas used ultrasonic cleaning methods. Un- 
til March 1, 1988, a 0.4% solution of the 
detergent R, 10 Pureyn CIC (Fa. de Reus, 
Wenum-Wiesel, the Netherlands) in demin- 
eralized water was used as the cleaning 
solution in the ultrasonic bath. Ultrasonic 
cleaning time was 8 minutes at 50°C. Subse- 
quently, cannulas were perfused by a high- 
pressure pistol with water and air and dried 
at 175°C for 20 minutes. Finally, the cannu- 
las were wrapped and autoclaved for the 
next operation. 

According to the specifications of the 
manufacturer, the main constituents of the 
detergent besides alcohol and water were 
6% vol/vol of a component, 241, and 4.5% 
vol/vol of a component, 254. The manufac- 
turer provided these components in their 
pure form for experimental purposes. We 
prepared stock solutions of 6% component 
241 and 4.5% component 254. To provide 
easy comparison for toxic potency, these 
solutions were further diluted to test con- 
centrations corresponding with dilutions of 
the detergent, eg, a 1% detergent concen- 
tration corresponded to a 1% component 
241 concentration. In fact, however, a 1% 
test concentration of component 241 is a 
pure 241 concentration of 0.06%. Chemical 
analysis of R, 10 Pureyn CIC was per- 
formed by the Cleaning Techniques Re- 
search Institute, The Netherlands Organi- 
zation for Applied Scientific Research, 
Delft, using quantitative reversed-phase 
partition chromatography and mass spec- 
trometry. 


Detergent Residue Determination 


All cannulas used for the detergent resi- 
due study were perfused by 70% alcohol, 
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water, and air prior to the experiments. 
Cannulas were randomly assigned to differ- 
ent cleaning procedures. The following 
three factors of residue formation were 
studied: the strength of the ultrasonic bath 
solution, the flushing of the cannulas by a 
high-pressure pistol with water and air 
after the ultrasonic procedure, and the in- 
fluence of repeated cleaning. The cleaned 
cannulas were perfused with 1 mL of dis- 
tilled water, and the optical density (OD) 
of the outflow sample was read in a spectro- 
photometer. 


Toxicity Studies 


Quantitative Endothelial Vital Stain- 
ing.—Janus green photometry is a colori- 
metric assay to quantify corneal endothelial 
vital staining; the assay was carried out as 
originally described by Hartmann.’ The en- 
dothelial surface of human and pig corneas 


was incubated with 200 pL of a particular * 


test solution. Human corneas, obtained 
from the Cornea Bank, Amsterdam, were 
used within 3 days of organ culture.” Pig 
eyes were collected at the local slaughter- 
house, and corneoscleral buttons were used 
within 6 hours for the experiments. Deter- 
gent component 241 and component 254 
were tested in concentrations ranging from 
0.4% to 10%, All solutions were made up in 
lactated Ringer's solution. 

After incubation, corneas were carefully 
rinsed and stained with 1% Janus green 
solution for 90 seconds. Trephination of the 
corneas was performed, and subsequently 
the stain was eluted from the central disc in 
1 mL of 100% alcohol for 90 seconds. The 


extinction was read in a spectrophotometer 4 


at 650 nm with 100% aleohol as a reference 
value. By convention, the mean OD after 
incubation with 100% alcohol was set as the 
100% percentage of endothelial damage. As 
a control experiment for determining the 
expected lower limit percentage of cell dam- 
age (due to the unavoidable endothelial 
trauma during excision), lactated Ringer's 
solution alone was incubated. Thereafter, 
the percentage of cytotoxicity (cytotoxicity 
index [C1]) of a variable test solution was 
calculated according to the following formu- 
la: % CI=(OD,,./OD soya.) X 100%, where 
OD «a is the OD of the eluted stain of 
corneas exposed to the test solutions and 
OD yeosaie IS the OD after exposure to 100% 
alcohol for 3 minutes. 

In Vitro Corneal Perfusion. — Paired 
human eyes were obtained from the Wis- 
consin Lions Eye Bank, Milwaukee. The 
corneas were excised and mounted in a 
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dual-chambered specular microscope, and 
the endothelium of each was perfused 
at 37°C and 15 mm Hg as previously de- 
scribed.*° The corneal epithelium was 
scraped off and the corneas were covered 
with silicone oil. The endothelium was ini- 
tially perfused with balanced salt solution 
(BSS) plus at a constant rate of 0.0097 
mL/min. After stabilization of the corneal 
thickness was achieved, the test solution 
(1%, 0.4%, and 0.1% detergent concentra- 
tions) was perfused for 3 minutes, followed 
by perfusion with BSS plus again. The 
paired control of each experimental cornea 
was perfused with BSS plus alone. Corneal 
thickness measurements and specular pho- 
tographs were taken every 15 minutes 
throughout the experiment. Statistical 
analysis of corneal swelling rates was per- 
formed by using analysis of variance and 
covariance with repeated measures. 

New Zealand white rabbits of either sex 
weighing 2 to 3 kg were anesthetized with 
an intramuscular injection of 0.5 mL of 
ketamine hydrochloride and 0.5 mL of xyla- 
zine and thereafter were given an overdose 
of an intracardiac injection of 1.0 mL of 
sodium pentobarbital. The eyes were enu- 
cleated and the corneas mounted for specu- 
lar microscopic perfusion, and the following 
concentrations were perfused to the endo- 
thelium: detergent, 1% and 0.4%; compo- 
nent 241, 1% and 0.4%; and component 254, 
4% and 1%. Perfusion methods were similar 
to those described for the human corneas, 
except that glutathione bicarbonate Ring- 
ers solution was used rather than BSS 
plus. 

At the end of the perfusion, both human 
corneas and rabbit corneas were fixed and 
processed for scanning and transmission 
electron microscopy as previously de- 
scribed." 

Endothelial Permeability. —The in vitro 
effect of the detergent on the endothelial 
barrier function was studied. Paired human 
corneas were perfused with 1% and 0.4% 
detergent concentrations. Corneal endothe- 
lial permeability to 5,6-carboxyfluorescein 
(CF), an indicator of endothelial barrier 
function, was determined using the method 
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of Watsky et al,’ a modification of the 
technique described by Araie.* After stabi- 
lization of corneal thickness was achieved, 
detergent concentrations were perfused for 
3 minutes, and thereafter BSS plus was 
perfused again. One hour after exposure, 
0.3 mL of BSS plus containing 2.6 x10 ° 
mol/L of CF was applied to the anterior 
surface for 30 seconds. The perfusate was 
collected for 30 minutes, at which time the 
experiment was terminated. Three thick- 
ness readings were taken during the perfu- 
sate collection period. The perfusate re- 
maining in the artificial eye chamber and in 
the outflow tubing was collected in a sepa- 
rate tube. Of both samples, the CF concen- 
tration was determined against CF stan- 
dards. To determine the concentration of 
CF in the stroma, the cornea was eluted in 
20 mL of BSS for 48 hours. Finally, the CF 
concentration values for the perfusate and 
stroma, together with the corneal thickness 
readings, were used to calculate the endo- 
thelial permeability coefficient (permeabili- 
ty coefficient, x 10 * cm/min). 


RESULTS 
Chemical Analysis of the Detergent 


Quantitative reversed-phase parti- 
tion chromatography and mass spec- 
trometry identified R, 10 Pureyn CIC 
as a mixture of two nonionic synthetic 
detergents. Component 241 was an 
ethoxylated fatty alcohol with a C,, 
chain length and an ethylene oxide- 
to—propylene oxide ratio of 45.6% to 
22.4%. Component 254 was a mixture 
of ethoxylated fatty alcohols with chain 
lengths of C, to C,, and an ethy- 
lene oxide-to—propylene oxide ratio of 
18.4% to 59%. 


Detergent Residue Formation 


In the outflow samples of cannulas 
cleaned with the 4% detergent concen- 
tration, which were not flushed after 
the ultrasonic procedure, higher ODs 


Optical Density at 200 nm 


Frequency of Cleaning Procedure 


were found compared with the flushed 
cannulas (Fig 1, left). Increasing the 
cleaning frequency to four times leads 
to higher ODs, thereby indicating that 
gradual accumulation of detergent 
remnants may occur. 

Cleaning with a 0.4% detergent con- 
centration did not cause a measurable 
residue after four times of repeatedly 
cleaning—regardless of flushing—the 
cannulas (Fig 1, right). 

These results demonstrate that a 
combination of usage of a 4% detergent 
concentration and insufficient flushing 
of the cannulas afterward is responsi- 
ble for the residue formation. 


Toxicity Studies 


Quantitative Endothelial Vital 
Staining. — After incubation of the en- 
dothelial surface of the human corneas 
with detergent concentrations greater 
than 1%, significantly higher percent- 
ages of endothelial cell damage were 
found compared with Ringer's solution 
(Fig 2, left). The mean+SEM per- 
centage of endothelial damage after 
Ringer’s solution and after 100% 
alcohol incubation was 7.8% + 0.7% and 
100%+7%, respectively. Incubation 
with detergent of pig corneas gave 
results similar to those found in the 
human corneas. Incubation of compo- 
nent 241 showed a significantly higher 
percentage of damage for concentra- 
tions greater than 1.5% (Fig 2, right). 
Component 254 dilutions did not cause 
any significant endothelial damage, al- 
though concentrations as high as 10% 
were used (Fig 2, right). The mean 
percentage of endothelial damage after 
Ringer’s solution and after 100% alco- 
hol incubation was 9.6%+0.7% and 
100% + 5.7%, respectively. 


Frequency of Cleaning Procedure 





Fig 1.—Left, Effects of flushing and increasing the cleaning frequency of residue formation after performing the cleaning procedure 
with a 4% detergent solution. Solid bar indicates group 1; hatched bar, group 2. Right, Effects of flushing and increasing the 
cleaning frequency on residue formation after performing the cleaning procedure with a 0.4% detergent solution. Solid bar 
indicates group 3; hatched bar, group 4. Extended lines indicate SDs. 
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Fig 2.—Left, Endothelial cell damage determined with Janus 


photometry after incubation of pig corneas with various concentrations ( 





and 254 (circles). Extended lines indicate SEMs. 
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Fig 3.—Left, Changes in corneal thickness of human corneas perfused with 0.1% 


of rabbit corneas perfused with 0.4% (circles) and 1% (closed triangles) concentrations 
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(open triangles). Extended lines indicate SEMs. 


In Vitro Corneal Perfusion. — 
There was an almost immediate in- 
crease of human corneal thickness af- 
ter perfusion with the 1% detergent 
concentration (Fig 3, left). The mean 
hourly swelling rate was 93.6 m/h vs 
—12.6 ym/h for the paired controls 
(P<.001). After perfusion of the 0.4% 
detergent concentration, the mean 
swelling rate was 6 m/h vs 7.5 pm/h 
for the paired controls. Corneal thick- 
ness after perfusion with 0.1% deter- 
gent remained unchanged: 4.8 m/h vs 
—2 um/h for the paired controls. 

Significant increases of corneal 
swelling rates were also found for 1% 
concentrations of the detergent and 
component 241 in the rabbit experi- 
ments (Fig 3, right). Perfusion of com- 
ponent 254 revealed no significant in- 
crease of swelling rates, even after 
perfusion of 10% concentrations. 

Both human corneas and rabbit cor- 
neas developed edema after perfusion 
with 1% concentrations of detergent 
and component 241 (Fig 4). The ultra- 
structure of the endothelial cells re- 
vealed marked cellular damage with 
complete loss of intracellular organ- 
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green photometry after incubation of human corneas with various 
concentrations (n=6 for each concentration) of the detergent. Right, Endothelial cell damage determined with Janus green 
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(squares), 0.4% (circles), and 1% (closed 
triangles) detergent concentrations (n = 4 for each concentration) vs control (open triangles). Right, Changes in corneal thickness 
(n= 4 for each concentration) vs control 











Fig 4.—Specular microscopy of human corneal endothelium after 1% detergent perfusion for 3 
minutes. After the exposure of the detergent, corneal endothelial edema occurs, ultimately 
resulting in a total destruction of the endothelial mosaic. Top left, Beginning of exposure; center 
left, 4 minutes after exposure; bottom left, 11 minutes after exposure; top right, 16 minutes after 
exposure; center right, 30 minutes after exposure; and bottom right, 60 minutes after exposure. 


elles, destruction of the outer plasma 
membrane, and intracellular vacuoliza- 
tion (Fig 5). In contrast, the endotheli- 
um of the paired control corneas per- 
fused with BSS plus revealed a smooth 
plasma membrane and normal intracel- 
lular organelles. Concentrations as low 
as 0.4% of both detergent and compo- 
nent 241 did not cause any morphologi- 


cal alterations in the rabbit corneas, 
whereas the human corneas showed a 
transient edema of the endothelial 
cells. In all these cases, however, no 
increase in corneal thickness was 
noticed. 

Endothelial Permeability. — Endo- 
thelial permeability studies of hu- 
man corneas showed for the 1% deter- 
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Fig 5.— Top left, Scanning electron micrograph of human corneal endothelium after 3 minutes of perfusion with balanced 
salt solution plus. The mosaic pattern of endothelial cells is intact. Top right, Scanning electron micrograph of human 
corneal endothelium after 3 minutes of perfusion with a 1% detergent solution. Many endothelial cells are detached from 
Descemet's membrane. Remaining cells show degenerative changes, such as cell shrinkage, junctional separation, and 
gaps between cells. Bottom left, Transmission electron micrograph of human corneal endothelium after 3 minutes of 
perfusion with balanced salt solution plus. There is a smooth posterior surface with normal intracellular organelles and a few 
cytoplasmic vacuoles. Bottom right, Transmission electron micrograph of human corneal endothelium after 3 minutes of 
perfusion with a 1% detergent solution. Only remnants of endothelial cells are attached to Descemet's membrane. The 
outer plasma membrane is ruptured with extensive dilation of the endoplasmic reticulum, cytoplasmic vacuolization, and 
severe mitochondrial swelling. Note the pyknotic nucleus with the clumping of the nuclear chromatin. 


gent concentration (n=3 for each con- 
centration) an increased endothelial 
permeability coefficient (mean+SD) 
of (10.083 +2.98)x 107 vs (2.39 1.07) 
x10 + for the paired controls. 

The endothelial permeability coeffi- 
cient after perfusion of the 0.4% deter- 
gent concentration was similar to that 
in the control corneas. 


COMMENT 


The — spectrophotometric study 
showed that omitting the flushing pro- 
cedure after cleaning with a 4% deter- 
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gent concentration causes residue for- 
mation. The gradual accumulation of 
detergent remnants inside the irrigat- 
ing cannulas, as determined after in- 
creasing the frequency of insufficient 
cleaning, may explain the increase of 
postoperative corneal edema, culmi- 
nating in six cases of toxic endothelial 
cell destruction syndrome in 1 week. 
In contrast, cannulas cleaned with a 
0.4% concentration did not contain de- 
tectable detergent remnants, even 
without flushing; therefore, apparently 
higher concentrations are responsible 
for sufficient residue formation. We 


conclude from these studies that a 
combination of increasing the deter- 
gent concentration and omitting the 
flushing procedure was responsible for 
the residue formation. 

The toxicity studies clearly demon- 
strated a concentration-related endo- 
thelial cell damage. Janus green pho- 
tometry revealed a threshold level for 
endothelial cell damage of 1% and 1.5% 
for the detergent and component 241, 
respectively. In vitro corneal perfusion 
showed an immediate thickness in- 
crease and irreversible morphologic al- 
terations after perfusion with 1% con- 
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-= centrations of both detergent and 
component 241. Increase in corneal 
thickness can be due to either endothe- 


i: lial pump disturbances or endothelial 
barrier dysfunction.” A sensitive test 


4 tọ evaluate the endothelial barrier 








= state is measurement. of endothelial 


permeability with CF. Perfusion with 
“1% detergent during 3 minutes re- 
vealed an endothelial permeability co- 
-efficient five times as high as the per- 
- meability coefficient of the paired 
controls. These results, along with the 
endothelial ultrastructure, strongly 
suggest destruction of the endothelial 
barrier as the major pathophysiologi- 
cal mechanism. 
In general, detergents or surfac- 
tants are compounds having hydrophil- 
ic properties at one end of the molecule 


a _ and hydrocarbon or fatlike structures 
at the other end to provide affinity for 


oils and greases.”" Because of this 
structure, transport through both lipo- 
philie epithelium and endothelium as 
well as through the hydrophilic stroma 
is possible. The hydrophile-lipophile 
balance is a measure for the strength 
.of the hydrophilic and lipophilic 
groups." Surfactants can be classified 
as cationic, anionic, and nonionic, 
which were all found to increase corne- 
al permeability.” The toxic effects of 
detergents in general are well de- 
seribed in the literature in relation to 
their epithelial irritability and en- 
hancement of drug penetration." The 
maximum concentrations tolerated in 
epithelial irritancy tests were 0.5% to 
1% for cationic surfactants, 5% to 30% 
for anionies, and 5% to 100% for non- 
ionies." At high concentrations, drastic 
effects such as membrane lysis and 
fusion may oecur.”’ Nonionie deter- 
gents, mostly ester or ether combina- 
tions of fatty acids or fatty alcohols 
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with polyoxyethylene, are commonly 
used for solubilizing membrane pro- 
teins, but only detergents with hydro- 
phile-lipophile balance values in the 
12.5 to 14.5 range have effective solu- 
bilizing potency.” 

Component 241 was identified as an 
ethoxylated fatty alcohol with a C, 
chain length— —a nonionic detergent. To 
our knowledge, there have been no 
studies concerning endothelial toxic ef- 
fects of these nonionic detergents.” As 
to benzalkonium chloride, a cationic 
detergent with a strong bactericidal 
action, studies have been extensive." 
It proved to be highly toxie for corneal 
endothelium after perfusion of concen- 
trations as low as 0.0001%." Apparent- 
ly, the threshold level for endothelial 
toxic effects is 10 000 times lower than 
for epithelial irritancy. When we bear 
in mind this higher susceptibility of the 
endothelium compared with the epi- 
thelium, it is not surprising to find a 
threshold concentration as low as 
0.06% of the pure ethoxylated fatty 
alcohol. The experimental settings 
may differ from the in vivo situation on 
some aspects. The experimental expo- 
sure time was 3 minutes. The actual 
intracameral duration in vivo, howev- 
er, depends on many factors, such as 
irrigation time, aqueous turnover, 
pharmacokinetical properties of the 
detergent, and binding to stromal pro- 
teins." As some corneas had al- 
ready turned hazy during the opera- 
tion, we believe that the choice of a 
short exposure time was justified. 
Kim” postulated that binding of the 
detergent residue with viscoelastic 
substances and subsequent injection of 
this toxic reaction product into the 
anterior eye chamber was responsible 
for pseudophakic bullous keratopathy. 
A recent study, however, showed that 
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binding only takes place between 
charged moieties and the polyanionic 
hyaluronate.” Binding to sodium hya- 
luronate (Healon) is not very likely, 
because the toxic component 241 de- 
scribed herein is nonionic. 

The Janus green photometry proved 
to be a reliable and fast test to study 
the cytotoxic potentials of the test 
solutions. This quantitative viability 
test correlated well with the functional 
test of in vitro corneal perfusion re- 
sults. However, a 10% detergent con- 
centration caused more damage than 
the 100% toxicity level as set with the 
100% alcohol solution. Morphological- 
ly, this could be seen as a higher 
staining intensity of the damaged en- 
dothelial cells. 

In summary, the endothelial cell 
damage seems to be caused by an 
ethoxylated fatty alcohol with a Cu 
chain length. Concentrations as low as 
0.06% of the pure component 241 were 
able to destroy the endothelial barrier. 

We recommend the development of 
a systematic study to identify a safe 
detergent for cleaning in ophthalmo- 
logic procedures. Alternatively, the 
usage of disposable cannulas can rule 
out the risk of injecting detergent resi- 
dues into the anterior eye chamber 
during ocular surgery. However, we 
are concerned, based on this study, 
that a detergent could get into the eye 
from any surgical instrument that may 
be placed į in a cleaning solution and not 
rinsed properly. 
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_ Antitransferrin Receptor Immunotoxin Inhibits 
: p iferating Human Retinal Pigment Epithelial Cells 






i - ‘Cultured human retinal pigment epi- 
thelial cells were exposed to an immu- 
-conotoxin composed of a monoclonal 
. ntibody, 454A12, directed against trans- 
errin- receptors conjugated to a toxin, 
ombinant ricin A chain. Exposure of 
| rating human retinal pigment epi- 
| nala a to the immunotoxin (0.1 to 






















; wan exposure to the immu- 
as short as 5 minutes and was 
ximal after 24 hours of exposure. The 
ninution in cell number was dose de- 
pendent over the range from 0.1 to 100 
-= ng/mL. Monoclonal antibody alone, re- 
combinant ricin A chain alone, or an 

irrelevant immunotoxin, MOP21C mono- 
-clonal antibody-recombinant ricin A, did 
< not diminish the number of cells. There 
<.. was a marked decrease in DNA synthesis 
measured by nuclear tritiated thymidine 
-> incorporation that accompanied the im- 
_ munotoxin-mediated decrease in cell 
_ number. Viable cells remaining after ex- 
posure to the immunotoxin (0.1 to 10 000 











proliferative vitreoretinopathy is a 
ondition characterized by migra- 
_ tion and proliferation of cells onto the 
_ “inner and outer retinal surface and 
7 vitreous cavity. These cells subse- 
~~ quently secrete collagen, forming a 
© fibrocellular sear; contraction of this 
_. tissue may cause a traction retinal 
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ng/mL) were morphologically abnormal; 
typically the cells had elongated spindle- 
shaped processes and had lost their nor- 
mal cuboidal appearance. In contrast, 
cell number was not decreased in conflu- 
ent human retinal pigment epithelial cells 
after treatment with maximal doses of 
immunotoxin. Morphologic changes sim- 
ilar to those seen in proliferating cells 
were observed in confluent cells ex- 
posed to more than 100 ng/mL of immu- 
notoxin. The effect of the immunotoxin 
was species specific because large 
doses of immunotoxin did not reduce the 
number of viable cells in proliferating or 
confluent pig retinal pigment epithelial 
cells or cause observable morphologic 
changes in this cell type. Our results 
indicate that the immunotoxin selectively 
inhibited proliferating retinal pigment 
epithelial cells by receptor-mediated in- 
ternalization of the antitransferrin recep- 
tor monoclonal antibody—recombinant ri- 
cin A chain conjugate. 

(Arch Ophthalmol. 
1168) 
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detachment or combined traction and 
rhegmatogenous retinal detachment. 
Retinal pigment epithelial (RPE) cells, 
macrophages, glial cells, and fibro- 
blastlike cells are major components in 
this proliferative response. ' 
Antiproliferative agents have been 
investigated as a means of preventing 
the proliferation of these migrating 
cells and their subsequent secretion of 
eollagen.*” An ideal antiproliferative 
agent would selectively inhibit divid- 
ing cells and would be nontoxic to 
normal, nondividing, nonmigratory, 
ocular cells. There has been increasing 
interest in the use of immunotoxin to 
deliver drugs to specifie target cells. 


Antitransferrin Recepto: 







































These agents contain monoclona 
bodies (MAbs) directed against a sp 
cific antigenic determinant. on the ta 
get cell. The MAb can be linked to 
toxin, drug, or radionuclide to achie 
selective inhibition of the cell popula. 
tion of interest. The immunotoxin 
454A12 MAb-recombinant ricin A` 
(rRA) chain is composed of an MAb. 
directed against human transferrin re- . 
ceptors, conjugated to a ribosomal in- 
hibitor, rRA chain, that inhibits pro- 
tein synthesis.‘ Because transferrin 
receptors are expressed in high densi-. 
ty on proliferating cells," we hypothe- 
sized that the antitransferrin receptor. 
immunotoxin would inhibit rapidi 
proliferating human (h) RPE cells but“ 
would have minimal effect on quiescent 
cells. We report herein the results of — 
using 454A12 MAb-rRA to selectively 
inhibit cultured ae ERPE > 
cells. eee 


METHODS — 
Celt Cuktures 7 


Human RPE alls. were harvested . añ 
maintained using a ‘modification. of a tech 
nique described previously.’ Briefly, 
cadaveric donor eyes were < 
the Carolina Organ Proeu. 
within 24 hours of q 
segment, retina, a d: 
moved, Eye cups w 
5% CO, with 0 
free balanced ; 8 












contaminating choroidal cells. Porcine eyes 


were obtained from a local abattoir. Porcine 
RPE cells were harvested using a method 
identical to that described above for human 
eyes, Media were changed biweekly and 
cells were grown to confluency in 75-em 
flasks. 

For the experiments, first to third pas- 
sage cells were plated to a density of 20 000 
to 40 000 cells/mL in 24-well culture plates 
(Corning Glass Works, Corning, NY) or in 
35-em culture dishes (Falcon, Becton Dick- 
~-inson Labware, Lincoln Park, NJ). Basic 
- fibroblast growth factor (1 ng/mL) was 
_ added as a growth supplement to cells 
- every other day as previously described.” 


immunotoxin Synthesis 


Monoclonal antibody 454A12 (IgG,), spe- 
cific for human transferrin receptors, was 
produced as described previously." Briefly, 
multiple human breast cancer cell lines, 
extracts from breast cancer tissue, and a 
variety of normal tissues were used to 
immunize 5-week-old balb/e mice. Mice 
were identically boosted twice at monthly 
intervals. Three days after the last boost, 
the spleens were removed for cell fusion. 
Hybridoma supernatants were screened 
against breast cancer or normal tissue 
membrane protein. The MAb 454A12 (iso- 
type K61) was reactive against breast can- 
cer tissue, normal tissues, and nonbreast 
tumors. The purified antibody was a 96-kd 
protein that specifically recognized the 
transferrin receptor.” Recombinant ricin A 
chain was obtained from Escherichia coli 
and purified to 99% homogeneity.” Recom- 
binant ricin A chain was linked to the MAb 
via a disulfide bond using disulfide ex- 
change.” 


Assay of Immunotoxin Activity 


Effect on Cell Number. — Proliferating 
or confluent cells in replicate wells were 
exposed to immunotoxin in concentrations 
ranging from 0.1 to 10000 ng/mL 5x10” 
mol/L to 5x10°° mol/L), After exposure 
periods ranging from 5 minutes to 7 days, 
cells were rinsed twice with minimal essen- 
tial medium and grown for an additional 1 to 
7 days. Cells were trypsinized and counted 
with a Coulter counter (Coulter Electron- 
ies, Hialeah, Fla). As controls, additional 
cells were exposed to MAb 454A12 alone 
(2000 ng/mL), to rRA chain alone (2000 
ng/mL), to rRA chain conjugated to MOPC 
2l (an irrelevant immunotoxin) (2000 
ng/mL), or to no additives. Cells were 
examined morphologically with phase-con- 
trast microscopy. Cell viability was deter- 
mined by trypan blue exclusion. All experi- 
ments were repeated at least twice. 

Effect on DNA Synthesis. — Cells in qua- 
druplicate wells of 24-well plates were ex- 
posed to immunotoxin (10 000 ng/mL) for 5 
minutes. Wells were rinsed twice and triti- 
ated thymidine (New England Nuclear, 


-e Boston, Mass) incorporation was measured 


at time intervals varying from 1 to 7 days 
after exposure to immunetoxin, as de- 
scribed previously. “ For cell- counts, cells 
© were plated in parallel, exposed to immuno- 
toxin (10 000 PEAN for 5 minutes; and 
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counted as described above. Results are 
expressed as counts per minute per cell. 


Statistical Analysis 


A two-tailed nonpaired Students ¢ test 
was used to compare differences in cell 
count and tritiated thymidine incorporation 
between treated and control groups. 


RESULTS 
Effect of Immunotoxin on Cell Number 


Exposure of proliferating hRPE 
cells to immunotoxin resulted in a sta- 
tistically significant decrease in cell 
number at all time intervals tested 
(P<.0001). This effect was measurable 
as soon as 1 day after exposure to 
immunotoxin and was pronounced by 3 
days after exposure (Fig 1). After 7 
days, no significant growth was ob- 
served in the immunotoxin-treated 
cells. This effect was dose dependent 
over the range 0.1 to 100 ng/mL when 
a 7-day treatment was used (Fig 2). 
The inhibitory effect was maximal at 
10 000 ng/mL and the half-maximal ef- 
fect was obtained at approximately 
0.05 ng/mL (2.5 10°" mol/L). To de- 
termine the time dependency of the 
inhibitory effect, cells were exposed to 
immunotoxin for intervals varying 
from 5 minutes to 7 days. There was a 
significant decline in cell number, 
which began as early as 5 minutes 
after exposure to the immunotoxin and 
decreased to a maximum after 24 hours 
of exposure to the drug (Fig 3). In 
contrast, maximal dosages of immuno- 
toxin did not significantly affect cell 
number among confluent cells even 
after 7 days of exposure (Fig 2). Ricin 
A chain alone had a variable small 
inhibitory effect on the cells, whereas 
454A12 antibody alone and the MOPC 
21-riein A chain conjugate did not sig- 
nificantly affect cell number. In this 
group of cells, after a 7-day exposure 
to rRA alone, the mean (+SD) cell 
number was 84 467+6001. After a T- 
day exposure to MAb 454 A12 alone, 
the cell number was 119317 = 13 482; it 
was 134333+3176 after exposure to 
MOPC-rRA. In comparison, for cells 
exposed for 7 days to minimal essential 
medium plus 10% fetal bovine serum 
alone, the cel number was 
125 175 + 14 331. 


Tritiated Thymidine Uptake 


Actively dividing cells incorporate 
tritiated thymidine into nuclear DNA 
during the S phase of the cell eycle. 
Tritiated thymidine incorporation is 
thus a measure of cell proliferation. 
Tritiated thymidine incorporation was 
markedly decreased in viable cells re- 


| mini after immiinotoxin treatment. 
One day after exposure to immuno- 
toxin, there was a 14-fold decrease in. 


tritiated thymidine. incorporation 
(P<.0001). Tritiated thymidine uptake 
remained at this low level during the 
course of the next 7 days as the cell 
number continued to decline (Fig 4). In 
contrast, the cell number continued to 
increase in the group not exposed to 
the immunotoxin. Tritiated thymidine 
incorporation declined in this group as 
the cells reached confluency. 


Morphologic Changes 


Normal proliferating hRPE cells in 
culture dishes under the assay condi- 
tions described above were character- 
ized by a central zone of cuboidal cells 
with extensive cell-cell contacts. More 
peripherally in the culture dish, cells 
were sparse, with limited incorpora- 
tion-cell contacts. Confluent cells were 
packed over the entire surface of the 
culture dish. They were smaller than 
their proliferating counterparts, and 
were similar in appearance to fetal 
cells grown under similar conditions.” 
The immunotoxin caused an alteration 
in hRPE cell morphologic characteris- 
tics among proliferating and confluent 
cells remaining after treatment; how- 
ever, these cells remained viable, as 
determined by trypan blue exclusion, 
for up to 7 days. Proliferating cells 
exposed to all concentrations of im- 
munotoxin tested (0.1 to 10 000 ng/mL) 
developed long spindle-shaped pro- 
cesses and the cells lost their normal 
cuboidal appearance (Fig 5). Although 
morphologic alterations were evident 
in proliferating cells at all concentra- 
tions tested (0.1 to 10 000 ng/mL), they 
were most prominent at the higher 
doses. While confluent cells exposed to 
high concentrations of immunotoxin 
did not suffer a decrease in cell 
number, they developed morphologic 
changes that were similar to those 
seen in proliferating cells. Morphologic 
alterations were not as severe in the 
confluent cells and were dose related 
(Fig 6). Below 100 ng/mL of immuno- 
toxin, morphologic changes were not 
detected in confluent cells, but were 
still apparent in proliferating cells. 


Species Specificity 
of Immunotoxin Activity 


The effect of the immunotoxin was 
species specific. Cell counts of prolifer- 
ating porcine RPE cells exposed to 
maximal doses of immunotoxin for 7 
days were not statistically different 
from controls, and morphologic alter- 
ations were not detected (Figs 5 and 


T). 


Antitransferrin Receptor Immunotoxin—Jaffe et al 





é 


S 
= 
ah 
on 
2 
@ 
O 


2 4 6 


Days After 5-min Exposure to Immunotoxin 


Fig 1.—The number of proliferating human retinal pigment epithelial 
cells remaining at varying time intervals after 5 minutes of exposure to 
10 000 ng/mL of immunotoxin or to minimal essential medium alone. 
Results are reported as the mean (+SD) number of cells per four 
replicate wells. Open circles indicate cells exposed to minimal essen- 
tial medium alone (controls); closed circles, cells exposed to 
immunotoxin. 


% of Control 


0.0 10 ' a 1 


Toxin Concentration, ng/mL 


Fig 2.—The percent of human retinal pigment epithelial cells remain- 
ing among proliferating (closed circles) and confluent (open circles) 
cells after a single, 7-day exposure to immunotoxin. Confluent cells 
started at a density of 743 233 cells per plate. Nearly all cells were in 
contact by visual inspection. Proliferating cells started at a density of 
40 000 cells per plate. 
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Fig 3.—The number of proliferating human retinal pigment epithelial 
cells after exposure to 10000 ng/mL of immunotoxin for varying 
periods. Cells were counted 7 days after the initial exposure to immu- 
notoxin. Results are reported as the mean (+ SD) number of cells per 
four replicate wells. 
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Fig 4.—Tritiated thymidine uptake by human retinal pigment epithelial 
cells at varying intervals after 5 minutes of exposure to immunotoxin 
(10 000 ng/mL) or minimal essential medium alone. Results are re- 
ported as the mean (+ SD) counts per minute per cell of four replicate 
wells. Open circles indicate control wells; closed circles, wells ex- 
posed to immunotoxin. 


COMMENT 


Transferrin is an 80 000-d glycopro- 
tein that facilitates cellular iron trans- 
port. It binds to transferrin receptor, 
and the receptor-transferrin-iron com- 
plex is internalized into a vesicle that 
releases the transferrin and iron in a 
pH-dependent reaction into the cell 
interior. The receptor and transferrin 
are then rapidly recycled.” In many cell 
types, it has been shown that transfer- 
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rin receptor density at the cell surface 
is increased in proliferating cells com- 
pared with nonproliferating cells.’ The 
increase in receptor number at the cell 
surface is associated with a high level 
of DNA synthesis that slightly pre- 
cedes the increase in cell number.’ 
These features of the transferrin re- 
ceptor cycle have been used in the 
current set of experiments to achieve 
selective inhibition of proliferating 
RPE cells. 


Ricin is a plant toxin composed of A 
and B chains. The ricin A chain does 
not exert its toxic effect until it is 
internalized by the cell, a process fa- 
cilitated by the B chain. In the absence 
of its natural carrier B chain, ricin A 
chain does not have facilitated access 
to the cell interior.” By coupling rRA 
to an antitransferrin receptor MAb, 
rRA gains access to the cell interior by 
way of the transferrin receptor. * Al- 
though transferrin receptors are found 
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Fig 5.—Phase-contrast microscopy of proliferating cultured retinal 
pigment epithelial cells. Photographs were obtained from cells in the 
center of the culture wells. Top, Control human retinal pigment epithe- 
lial cells after 7 days of growth in minimal essential medium plus 10% 
fetal bovine serum (original magnification x 40). Center, Cells after a 
single, 7-day exposure to 10000 ng/mL of immunotoxin (original 
magnification x 40). Bottom, Porcine retinal pigment epithelial cells 7 
days after a single exposure to 10 000 ng/mL of immunotoxin (original 
magnification x 40). 


on many cell types, proliferating cells 
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Fig 6.—Phase-contrast microscopy of confluent, cultured human reti- 
nal pigment epithelial cells. Photographs were obtained from cells in 
the center of the culture wells. Top, Control, after 7 days of growth in 
minimal essential medium plus 10% fetal bovine serum (original mag- 
nification x40). Center, After a single, 7-day exposure of 10000 
ng/mL (original magnification x40). Bottom, After a single, 7-day 
exposure to 10 ng/mL of immunotoxin (original magnification x 40). 


that express high receptor density are 
particularly susceptible to the inhibi- 
tory effect of this immunotoxin.” 

The sensitivity of proliferating cells 
is even greater than one might antici- 
pate on the basis of cell receptor densi- 
ty. For example, in several cell types 
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there is a twofold to fourfold higher 
number of transferrin receptors in pro- 
liferating cells compared with nonpro- 
liferating cells.“ We found, however, 
that by 7 days there was as much as a 
20-fold reduction in cell number in 
proliferating cells exposed to the im- 
munotoxin, whereas there was a mini- 


mal decrease in cell number in conflu- 
ent cells exposed to the immunotoxin. 
It is possible that aspects of the prolif- 
erative response other than transfer- 
rin receptor number are important in 
the enhanced sensitivity of these cells 
to the immunotoxin. 

Our results show that the immuno- 
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Fig 7.—The percent of porcine retinal pigment epithelial cells remaining after a single, 7-day 
exposure to immunotoxin. Cells started at a density of 40 000 cells per plate. 


toxin inhibited RPE cell proliferation 
and exerted its cytotoxic effect by 
specific binding to transferrin recep- 
tors. There was a significant decrease 
in cell number and a marked inhibition 
of cell proliferation after only a short 
period of exposure to the immuno- 
toxin. For much of this work, very 
high concentrations of immunotoxins 
were used to show the relative resis- 
tance of confluent cells compared with 
proliferating cells. A concentration of 
10 000 ng/mL is more than 10 000 times 
the concentration of 454A12-rRA 
needed to inhibit target cells. 

After only 5 minutes of exposure 
(10000 ng/mL), there was a 27% de- 
crease in cell number and a 14-fold 
increase in cell proliferation within 24 
hours. Thus, the short period of expo- 
sure to immunotoxin required to pro- 
duce an inhibitory effect (5 minutes) 
supports the notion that the immuno- 
toxin achieves its inhibitory effect by 
binding to the transferrin receptor fol- 
lowed by internalization of the recep- 
tor immunotoxin complex. The lack of 
effect of MAb 454A12 or rRA chain 
alone or an irrelevant immunotoxin on 
hRPE cells is further evidence that the 
immunotoxin exerted its effect via re- 
ceptor-mediated internalization of the 
antibody-rRA chain conjugate. 

Finally, in contrast to the marked 
inhibition of hRPE, the immunotoxin 
did not inhibit proliferation of cultured 
porcine RPE cells. Because MAb 
454A12 is specifically directed against 
human transferrin receptors, the lack 
of effect on porcine cells is additional 
evidence that the immunotoxin exerts 
its effect by specific binding to trans- 
ferrin receptors, which are then inter- 
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nalized. It is likely that the immuno- 
toxin acts both by a direct toxic effect 
reflected in a rapid decrease in cell 
number and by an inhibition of cellular 
proliferation among remaining viable 
cells, as suggested by the marked dim- 
inution in tritiated thymidine incor- 
poration. 

Cells from nonocular tissue vary in 
their susceptibility to the inhibitory 
effect of immunotoxin.” In a pre- 
vious study, we showed that 454A12 
MAb-rRA selectivity inhibited human 
corneal endothelial cells.” The magni- 
tude of the inhibitory effect observed 
here on proliferating RPE cells was 
similar to that found on proliferating 
corneal endothelial cells”? and prolifer- 
ating fibroblasts (S.F., unpublished 
data, May 1990). It is not known 
whether other ocular-derived tissues 
have similar sensitivity to the im- 
munotoxin. 

Exposure of proliferating hRPE 
cells to immunotoxin resulted in mor- 
phologic changes among the remaining 
viable cells, in addition to the direct 
toxic effect causing cell loss and inhibi- 
tion of DNA synthesis. Proliferating 
RPE cells not killed by the immuno- 
toxin lost their normal cuboidal ap- 
pearance and developed spindle- 
shaped processes. These morphologic 
changes were dose dependent and 
were most apparent at higher concen- 
trations of immunotoxin. Whereas the 
number of confluent cells was not sig- 
nificantly diminished by the immuno- 
toxin, high concentrations of the im- 
munotoxin did cause an alteration in 
cell appearance. However, it is likely 
that these morphologic changes result- 
ed from a specific effect of 454A12 


Antitransferrin Receptor Immunotoxin—Jaffe et al 


MAb-rRA rather than a nonspecific 
toxic effect, as 10000 ng/mL of this 
immunotoxin caused no identifiable ef- 
fect on porcine RPE. Below 100 ng/mL 
of immunotoxin, no identifiable mor- 
phologic changes were detected in con- 
fluent hRPE cells by phase-contrast 
microscopy. Whereas immunotoxin 
concentrations below this level did not 
cause a loss in cell number or identifi- 
able morphologic changes in confluent 
cells, they were sufficient to cause a 
marked decrease in cell number and 
morphologic changes in proliferating 
cells. These results indicate that it is 
possible to adjust the dose of immuno- 
toxin to achieve selective inhibition of 
proliferating cells while sparing nor- 
mal, nondividing cells. 

The mechanism for immunotoxin- 
mediated alterations in RPE appear- 
ance is unclear. It is of interest, how- 
ever, that the morphologic appearance 
of immunotoxin-treated cells was simi- 
lar to that observed in hRPE cells 
overlaid with fibrin” or type I or type 
II collagen.” 

Several agents have been used in 
patients on an experimental basis to 
inhibit cell proliferation. For example, 
5-fluorouracil,” colchicine, and dauno- 
rubicin” have been administered in- 
traoperatively or perioperatively to 
prevent or decrease cell proliferation. 
To date, the long-term safety and effi- 
cacy of these drugs have not been 
documented by prospective, random- 
ized trials. Additionally, in some in- 
stances (eg, fluorouracil) it has been 
difficult to achieve drug delivery dur- 
ing a time period sufficient to produce 
a therapeutic effect.” 

There are several potential advan- 
tages to the use of intraocular anti- 
transferrin receptor immunotoxin in 
the treatment of proliferative vitre- 
oretinopathy. Normally, drugs are 
cleared from the eye with a half-life of 
approximately 2 1/2 to 24 hours.” For 
a drug to be effective with a single 
intraocular injection, it is necessary for 
the drug effect to occur before the 
agent is cleared from the eye. We 
found that only 5 minutes of exposure 
to the immunotoxin was sufficient to 
cause a significant decrease in cell 
number and inhibition of cell prolifera- 
tion. Although extrapolation to hu- 
mans must be made with caution, this 
time frame is well within the clearance 
rate of similarly sized intraocular 
drugs. For example, tissue plasminogen 
activator, a protein with a molecular 
weight of approximately 70000 d, has a 
half-life of approximately 12 hours when 
administered as a single intraocular in- 
jection.“” The immunotoxin has a 
molecular weight of 200000 d and, 
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assuming a similar half-life, one would 
_ therefore expect that at least one half of 
the drug would remain after 12 hours. 
= Elevated transferrin levels are 
present in the vitreous of patients 
© with proliferative vitreoretinopathy.” 
_ Transferrin and MAb 454A12 bind to 
-different sites on the transferrin recep- 
tor (David Ring, PhD, Cetus Corp, 
~. unpublished data, 1985); therefore, the 
~ immunotoxin is not competitively in- 
-> hibited by excess concentrations of 
_ transferrin in the vitreous. 
We found a marked difference in 
susceptibility to the effect of the im- 
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munotoxin among proliferating and 
confluent cells. Because the goal of 
therapy with antiproliferative agents 
is to inhibit proliferating cells while 
maintaining the anatomie and function- 
al integrity of nonproliferating normal 
ocular cells, the differential sensitivity 
observed among proliferating and non- 
proliferating cells observed in this 
study would be advantageous in the 
treatment of proliferative vitreoret- 
inopathy. 

Transferrin receptors are found on 
most cell types. Although MAb 454A12 
selectively inhibited proliferating cells 


References 


fetal RPE cells: preservation of original culture 
morphology after serial passage. J Cell Physicl. 
1990; 143:196-203, 

11. Frankel AE, Ring DB, Tringale F, Hsich-Ma 
ST. Tissue distribution of breast. cancer~associated 
antigens defined by monoclonal antibodies. J Biol 
Response Mod. 1985;4:273-286. 

12. Piatak M, Lane JA, Laird W, Bjorn MJ, 
Wang A, Williams M. Expression of soluble and 
fully functional ricin A chain in Escherichia coli is 
temperature-sensitive. J Biol Chem. 1988:263: 
4837-4847. 

13. Fuleher 8, Lui G, Houston LL, et al. Use of 
immunotoxin to inhibit proliferating human corneal 
endothelium. Invest Ophthalmol Vis Sci. 1988: 
29:755-759. 

l4. Jaffe GJ, Burke JM, Geroski DH. Quabain- 
sensitive Na“ -K* ATPase pumps in cultured hu- 
man retinal pigment epithelium. Exp Eye Res. 
1989:48:61-68, 

15. Olsnes S, Refsnes K, Pihl A. Mechanism of 
action of the toxic lectins abrin and riein, Nature. 
1974;249:627-631. 

16. Trowbridge IS, Domingo DL. Anti-transfer- 
rin receptor monoclonal antibody and toxin-anti- 
body conjugates affect growth of human tumour 
cells, Nature. 1981;294:12:171-173. 

17. Raso V, Basala M, A highly cytotoxic human 
transferrin-ricin A chain conjugate used to select 
receptor-modified cells. J Biol Chem. 1984:259- 
1143-1149. 

18, Vidaurri-Leal JS, Glaser BM. Effect of fibrin 
on morphologic characteristics of retinal pigment 
epithelial cells. Arch Ophthalmol. 1984:102:1376- 
1279. 

19. Vidaurri-Leal JS, Hohman R, Glaser BM. 


Currently in Other AMA Journals 


ARCHIVES OF OTOLARYNGOLOGY — HEAD & NECK SURGERY 





vivo testing is necessary; these studies 
are currently in progress. 


This study was supported in part by National 
Eve Institute grant [ROSE Y08332-01 and a Grant 
in Aid from Fight for Sight, Schaumburg, I. 

Robert Ferris, PhD, kindly provided the 
454A12-rRA immunoconjugate. 

Drs Jaffe, Fulcher, and Lui and Ms Earnest 
have no proprietary interest in the antitransferrin 
receptor immunotoxin. Dr Housten is employed 
by Cetus Corp, Emeryville, Calif. 


Effect of vitreous on morphologic characteristics of 
retinal pigment epithelial cells. Arch Ophthalmol. 
1984; 102:1220-1223. 

20. Blumenkranz M, Hernandez E, Ophir A, 
Norton EWD. 5-Fluorouracil: new applications in 
complicated retinal detachment for an established 
antimetabolite. Ophthalmology. 1984:91:122-130, 

21, Wiedemann P, Lemmen K, Schmied! R, Hei- 
mann K. Intraocular daunorubicin for the treat- 
ment and prophylaxis of traumatic proliferative 
vitreoretinopathy. Am J Ophthalmol. 1987:104:10- 
14, 

22. Stern WH, Heath TD. Drug delivery sys- 
tems for treatment of proliferative vitreoretinop- 
athy. In: Ryan SJ, ed. Retina. St Louis, Mo: CV 
Mosby Co: 1989:3:413-418, . 

23. Maurice DM. Injection of drugs into the vit- 
reous body. In: Leopold J, Burns R, eds. Sympo- 
sium on Ocular Therapy. New York, NY: John 
Wiley & Sons Ine: 1976:59-72. 

24. Jaffe GJ, Green GDJ, McKay BS, Hartz A, 
Wilhams GA. Intravitreal clearance of tissue plas- 
minogen activator in the rabbit. Arch Ophthalmol. 
1988; 106:969-972, 

25, Wiliams GA, Lambrou FH, Jaffe GJ, et al. 
Treatment of postvitreetomy fibrin formation with 
intraocular tissue plasminogen activator. Arch 
Onhthalinal, 1988:106:1055-1058. 

26. Weller M, Wiedemann P, Heimann K, Zilles 
K. Macrophages, fibronectin, transferrin: major 
pathogenetic factors in proliferative vitreoretinop- 
athy. In: Heimann K, Wiedemann P, eds. Prolifer- 
ative Vitreoretinopathy, Heidelberg, Federal Re- 
public of Germany: Kaden Verlag: 1989:104-108. 


Management of the Paralyzed Lower Eyelid by Implanting Auricular Cartilage 
Mark May, MD; Dieter F. Hoffmann, MD: George F. Buerger, Jr, MD: David B. Soll, MD 











4168 Vo 





Areh Op hthalmol— 


ugust 1990 


(Arch Otolaryngol Head Neck Surg: 1990:116:786-788) 


Management of Animal and Human Bites in the Head and Neck 
Fred J. Stucker, MD; Gary Y. Shaw, MD; Susan Boyd, MD; William W. Shockley, MD 
“(Arch Otolaryngol Head Neck Surg. 1990;116:789-793) 


Antitransferrin Receptor Immunotoxin—Jaffe et al 


in culture, the effect of this agent on 
quiescent normal neural retinal tissue 
is unknown. To better define the ocu- 
lar toxicologic effects of this drug, in 
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Nodular Posterior Scleritis 


70-year-old woman with a history of 
chronic left-sided headache pre- 
sented with blurred vision of 2 weeks’ du- 
ration in her left eye. Visual acuity in the 
left eye was 20/200. The left anterior seg- 
ment was normal. Trace vitreous cells were 
present. Ophthalmoscopy demonstrated disc 
edema, a serous macular detachment, and a 
5 X 7 X 4-mm subretinal mass superior to 





the optic disc and superior temporal vascu- 
lar arcade with concentric chorioretinal 
folds (color Figs 1 and 2, Figs 1 through 3). 
Ultrasonography showed a mass with mod- 
erate internal reflectivity and an adjacent 
echolucent area (Fig 4). An orbital computed 
tomographic scan demonstrated an intraoc- 
ular contrast-enhancing mass and diffuse 
scleral-contrast enhancement (Fig 5). 


A diagnosis of posterior scleritis was 
made, and systemic corticosteroid treat- 
ment was started. The patient’s symptoms 
and signs improved immediately. Four 
months later (1 month after the prednisone 
treatment was stopped) her visual acuity 
was 20/30 and the fundus appeared normal 
(Color Fig 3). 


Color Fig 1.—Top left, Left fundus photograph showing a mass superior 
to the optic nerve and superior temporal vascular arcade (arrows). Note 
the associated disc edema, dilated retinal veins, and serous macular 
detachment. 


Color Fig 2.—Top right, Left fundus photograph demonstrating concen- 
tric chorioretinal folds inferior temporal to the mass. 


Color Fig 3.—Bottom left, Normal left fundus photograph 4 months after 
presentation (1 month after prednisone treatment was stopped). 
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Fig 1.—Early venous-phase fluorescein angio- 
gram showing increased background choroidal 
fluorescence overlying the mass. Chorioretinal 
folds are present below the mass and the optic 
disc capillaries leak profusely. 





Fig 4.—Ultrasonogram demonstrating scleral thickening with adjacent 
echolucent region representing edema in Tenon’s space (arrow). 


COMMENT 


Posterior scleritis may present as a 
subretinal mass.'? This may resemble 
a choroidal melanoma, metastatic car- 
cinoma, choroidal hemangioma, or be- 
nign reactive uveal lymphoid hyper- 
plasia. Features that help to distin- 
guish a nodular posterior scleritis 
from a neoplasm include the presence 
of ocular redness, periorbital pain, and 
chorioretinal folds. In addition, the 
mass characteristically is the same 
orange as the normal surrounding fun- 
dus. These clues are not without ex- 
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Fig 2.—Midvenous-phase fluorescein angio- 
gram demonstrating stippled hyperfluores- 
cence and diffuse dye leakage overlying the 
mass. 


ception, and ultrasonography remains 
the ancillary test of choice to confirm 
the diagnosis. Ultrasonographic find- 
ings include a mass of moderately high 
internal reflectivity (focal scleral 
thickening) with an adjacent echolu- 
cent area representing edema in 
Tenon’s space.* 

Roy D. Brop, MD 

ROBERT F. SAUL, MD 

Danville, Pa 


Reprint requests to the Department of Oph- 
thalmology, Geisinger Medical Center, Danville, 
PA 17822 (Dr Brod). 


Fig 3.—Recirculation-phase fluorescein an- 
giogram showing marked dye leakage overly- 
ing the mass and concentric chorioretinal folds 
inferior temporal to the mass. 





Fig 5.—Computed tomographic scan, axial section, demonstrating dif- 
fuse contrast enhancement of the left sclera and a mass representing 
focal scleral thickening. 
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Endonasal Laser Dacryocystorhinostomy 


ae A New Approach to Nasolacrimal Duct Obstruction 


Bruce M. Massaro, MD, MPH; Russell S5. Gonnering, MD; Gerald J. Harris, MD 


® A high-powered argon blue-green la- 
ser coupled to a 300-um quartz fiberoptic 
catheter was used to create intranasal 
dacryocystorhinostomy fistulas in fresh- 
frozen cadaver heads. The procedure, 
which we term endonasal laser dacryo- 
cystorhinostomy, is described. Cadaver 
Specimens were examined postopera- 


a tively. Laser rhinostomies were found to 
=: involve the posteroinferior portion of the 


‘lacrimal sac fossa. Tissues surrounding 


vee _ the fistula site showed no signs of dam- 
oe age. We report on the first patient to 
undergo endonasal laser dacryocysto- 


- rthinostomy for the treatment of nasola- 
crimal duct obstruction, with 10 months 
of follow-up. We believe endonasal laser 
dacryocystorhinostomy offers the fol- 
lowing advantages over standard exter- 
nal dacryocystorhinostomy: (1) Tissue 
injury is limited to the discrete fistula 
site. (2) The cutaneous scar and cosmet- 
ic blemish of an external dissection are 
eliminated. (3) Excellent hemostasis is 
maintained. (4) Minimal operative and 
postoperative morbidity permits outpa- 
tient surgery, with faster resumption of 
normal daily activities and increased 
cost-effectiveness. (5) Patients prefer en- 
donasal laser dacryocystorhinostomy to 
external dacryocystorhinostomy. 

(Arch Ophthaimol. 1990;108:1172- 
1176) 


n 1904, Toti' was the first to deseribe 
"external dacryocystorhinostomy 
(DCR). for the treatment of chronic 


© dacryoeystitis. He used skin sutures 
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alone for wound closure after resecting 
the adjacent lacrimal sac and nasal 
raucosa with their intervening bone. In 
1921, Dupuyemps and Bourguet” 
directly sutured the cut edges of nasal 
and lacrimal sac mucosal flaps, with 
improved rates of successful fistuliza- 
tion. Their procedure, with minor 
modification, has remained the ac- 
cepted method of correction for adult 
nasolacrimal duct obstruction, yielding 
success rates of 90% in primary re- 
pairs.’ Even better results have been 
reported with the addition of silicone 
stents.‘ 

Intranasal (endonasal) DCR was in- 
troduced by Caldwell’ in 1893, with his 
report of an intranasal trephination of 
the nasolacrimal duct. Subsequent ad- 
vecates of internal DCR sought to 
avoid the cutaneous scar of an external 
dissection and potential damage to 
structures responsible for normal lacri- 
mal pump function.” After choosing the 
approximate lacrimal sac fossa site 
from within the nose, resection of nasal 
mucoperiosteum and underlying bone 
provided access for lacrimal sac drair- 
age. Endonasal DCR did gain limited 
support among some otolaryngolo- 
gists, but, despite success rates ap- 
proaching those of external DCR,’ the 
procedure was essentially abandoned. 

Past and present authorities in both 
external and internal DCR have pro- 
moted the axiom that a larger bony 
resection is fundamental to successful 
fistulization. Most authors’ recom- 
mend osteotomies 15 to 20 mm in diam- 
eter. Standard bone removal, through 
a variety of mechanical means, in- 
clades the anterior lacrimal crest (a 
pertion of the frontal process of the 
maxilla), superomedial nasolacrimal 
duct wall, lacrimal bone, and, often, 
anterior ethmoidal bone, Despite gen- 
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erous bone removal at surgery, Lin- 


berg et al’ discovered an average 
healed intranasal ostium size of only 
1.80 mm in a series of external DCRs 
followed up postoperatively with nasal 
endoscopy. Of particular interest, they 
found that patients with small healed 
ostia obtained the same clinical relief 
from epiphora as those with large os- 
tia. These findings suggested that a 
smaller initial surgical ostium might be 


sufficient if it was made in a direct $ 


manner, sparing injury to surrounding 
tissues. 

Recent collaborative work by one of 
us (B.M.M.), with investigators using 
a high-powered argon laser to make 
full-thickness filtration fistulas in eyes 
with neovascular glaucoma,” demon- 
strated advantages of the argon sys- 
tem that were directly applicable to 








our needs in lacrimal outflow surgery. > 


These included a flexible fiberoptic de- 
livery system, the ability to achieve 
high power densities with excellent 
hemostasis, and slight tissue shrinkage 
about the laser fistula that could aid in 
maintaining its patency. The argon la- 
ser, when used to produce a discrete 
nasolacrimal fistula from within the 
nose, would eliminate a cutaneous sear 
and potential injury to medial canthal 
structures otherwise involved in an 
external DCR dissection. Surgical in- 
tervention limited to the actual fistula 
site would decrease operative and 
postoperative morbidity and would 
permit routine outpatient surgical 
management with improved 
effectiveness. : 

We herein report, to our knowledge, 
the first use of a high-powered argon 
laser for the creation of an intranasal 
nasolacrimal fistula. We describe our 
surgical method as developed in cadav- 
er studies, and we report the first 


eost- 


& 


clinical case of acquired nasolacrimal 
duct obstruction successfully treated 
by the new procedure we have termed 
endonasal laser dacryocystorhinos- 
tomy (ENL-DCR). 


MATERIALS AND METHODS 


Adult fresh-frozen cadaver heads with 
normal nasolacrimal anatomy were ob- 
tained from the Department of Anatomy, 
Medical College of Wisconsin, Milwaukee. 
Specimens were brought to room tempera- 
ture before the procedure was begun. 

The upper lacrimal punctum of the opera- 
tive site is dilated with a standard gradu- 
ated punctal dilator. To intranasally identi- 
fy the desired site for entry into the lacri- 
mal sac, a specially modified 20-gauge reti- 
nal light pipe (TREK Medical Products, 
Mukwonago, Wis) is passed via the dilated 
upper punctum and canaliculus into the 
lacrimal sac (Fig 1, top left). The fiberoptic 
light needle, attached to a variable-intensi- 
ty cold light source, is advanced to lie 
adjacent to the inferomedial aspect of the 
lacrimal sac, immediately superior to the 
presumably obstructed nasolacrimal duct. 
The nasal ala and vestibule are spread 
vertically with a nasal speculum, permitting 
visualization of the lateral wall of the nose. 
Here, the precise location of the light pipe 
can be identified by transillumination of 
lacrimal sac wall, nasal mucosa, and inter- 
vening bone (Fig 2). Rotation of the light 
pipe within the lacrimal sac outlines the 
desired dimensions of the DCR opening for 
the intranasal observer. 

A 300-um quartz fiberoptic laser catheter 
is coupled to a 16-W argon blue-green laser 
(model 20, HGM Medical Laser Systems 
Inc, Salt Lake City, Utah). To position the 
semiflexible laser catheter tip at the work 
site and provide immediate laser smoke 
evacuation, the laser fiber is secured with 
0.6-em sterile adhesive strips alongside a 
6F Frazier suction catheter whose distal tip 
is modified to a 45° angle. The tip of the 
laser fiber is positioned 3 mm in advance of 
the suction catheter end. The laser suction 
catheter is brought into the nose. Its fiber 
tip is directed at the transillumination site, 
maintaining a distance of 3 to 5 mm from 
the nasal mucosal surface during the treat- 
ment (Fig 1, top right). The laser is set to 
deliver single bursts 0.5 seconds in duration 
with power settings ranging from 7 to 12 
W, depending on the tissue effects desired. 
Lower power densities are used initially to 
outline the intended area of resection and to 
provide photocoagulation (hemostasis) prior 
to tissue cutting and vaporization. The op- 
erative site can be seen during treatment 
with either the operating microscope, using 
a 250-mm objective lens, or nasal endo- 
scopes, employing appropriate protective 
laser filters. 

Using the laser, an area of nasal mucosa 
and underlying bone 5 to 7 mm in diameter 
is removed. Depth of penetration is indicat- 
ed by an increasing degree of transillumina- 
tion from the light pipe within the lacrimal 
sac. The light pipe is now used as a probe, 
indenting the remaining lacrimal sac wall 
and periorbita via the laser rhinostomy 
defect into the nose for safe laser ablation. 
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Fig 1.— Surgical steps in endonasal laser dacryocystorhinostomy. Top left, Light pipe enters 
lacrimal sac via upper punctum and canaliculus, directed toward posteroinferior portion of 
lacrimal sac fossa (see Fig 2). Top right, Laser suction catheter resecting tissue overlying light 
pipe’s transilluminating mark. Bottom left, Light pipe enters nose via laser rhinostomy. Bottom 
right, Completed nasolacrimal fistula with silicone stent in place. 


The light pipe enters the nose (Fig 1, 
bottom left) and is then used to advance 
additional marginal tissue into view for 
laser resection until an opening of approxi- 
mately 5 mm is made. When the desired 
rhinostomy size is achieved, the light pipe is 
withdrawn. 

Bicanalicular silicone intubation of the 
laser fistula is now performed. After they 
are inserted in the nose, Crawford-style 
silicone stents (Jedmed Instrument Co, St 
Louis, Mo) are passed through a 5-mm 
section of 503 retinal sponge material 
(MIRA Inc, Waltham, Mass). The silicone 
tubes are then tied on themselves and 
trimmed to provide a proper length within 
the nose (Fig 1, bottom right). Lacrimal 
irrigation around the silicone stent while 
viewing the site intranasally confirms the 
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degree of patency at completion of the 
operation. 


RESULTS 


Six fresh-frozen cadaver heads were 
used in the development of the proce- 
dure described above. Seventy-five to 
150 laser pulses 0.5 seconds in duration 
at 7 to 12 W were required to effect the 
desired opening. Despite individual 
variation in the amount of intervening 
bone and soft tissue, the intranasal site 
of light pipe transillumination was eas- 
ily seen and approached with the suc- 
tion laser catheter in each case. 

Cadaver specimens were dissected 
postoperatively to evaluate rhinos- 
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Fig 2.—Intranasal view (cadaver specimen) 
of the transilluminated operative site. The 
light pipe has been passed as shown in Fig 1. 
A nasal speculum is in the right nostril. 
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Fig 3.—Sagittal section showing cadaver 
specimens right lateral nasal wall after en- 
donasal laser dacryocystorhinostomy. There 
is a laser nasolacrimal fistula (large curved 
arrow) lateral to the head of the right middle 
turbinate (asterisk). A silicone stent passing 
through a section of retinal sponge (small 
arrow) traverses the rhinostomy. 


Fig 5.—Axial section of the left side (not op- 
erated on) in paraffin through the inferior orbit. 
Black arrow indicates inferior lacrimal sac in 
fossa, formed by thick maxillary bone (aster- 
isk) anteriorly and thin lacrimal bone with 
overlying nasal mucosa (white arrows) poste- 
riorly. Tissue resected in endonasal laser da- 
cryocystorhinostomy is demarcated by white 
arrows (see Fig 6). Black triangle indicates 
nasal septum. 


Fig 6.—Axial section of the right side (operat- 
ed on) in paraffin through the inferior orbit, 
corresponding to Fig 5. A laser fistula (white 
arrows) lies posterior to thick maxillary bone 
(black asterisk), lateral to the middle turbinate 
(white asterisk). The remaining lacrimal sac 
(black arrow) and adjacent orbital tissues are 
undisturbed. A silicone stent with sponge is 
vaguely seen between the turbinate and 


ostium. 


Fig 7.—Patient'’s appearance 1 day following 
left-sided endonasal laser dacryocystorhi- 
nostomy. A silicone tube is in place at the 
medial canthus (arrow). 
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Fig 8.—Endoscopic photograph of patient's 
intranasal ostium (arrow) at the time of sili- 
cone tube removal, 6 months after endonasal 
laser dacryocystorhinostomy. Fluorescein 
dye is seen exiting the ostium. Mucosa of the 
middle turbinate (asterisk) and lateral nasal 
wall appear normal. 





Fig 4.—Right lateral nasal wall, correspond- 
ing to the cadaver section in Fig 3. The rhinos- 
tomy site (stippled area) is shown in relation- 
ship to the lacrimal outflow tract (broken line) 
and the surrounding nasal anatomy. 
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tomy si size, position, and surrounding 
tissue relationships. A representative 
case was chosen for additional study by 
eryosection. We performed ENL-DCR 
‘on the right nasolacrimal system of 
this specimen, leaving the left system 
for internal comparison. The specimen 
‘was refrozen after the procedure and 
bisected in the midsagittal plane. The 
laser ostium, with a silicone stent in 
place, is seen adjacent to the head of 
the right middle turbinate in Fig 3. 
The position of the laser opening in 
relationship to the lacrimal sae and 
nasolacrimal duct is shown in the ac- 
companying diagram of the right later- 
al nasal wall (Fig 4). 

‘The two specimen halves were sus- 
pended in paraffin and sectioned in the 
-axial plane. Corresponding axial sec- 
tions were obtained traversing the in- 
ferior portion of both orbits and lacri- 
mal sacs (Figs 5 and 6). A comparison 
revealed the following: As opposed to 
standard DCR, ENL-DCR creates an 
opening limited to the posteroinferior 
portion of the lacrimal sac. Thin lacri- 
mal bone, usually present at this site, 
is penetrated with relative ease com- 
pared with the thicker bone of the 
maxillary bone frontal process that 
normally makes up the anterior por- 
tion of the lacrimal sac fossa. The site 
of penetration does not violate anterior 
ethmoidal air cells or jeopardize drain- 
age: pathways of the adjacent parana- 
gal sinuses. Unlike external DCR, me- 
-dial eanthal tendon structures and 
“nonresected portions of lacrimal sac 
wall are left in situ and are undis- 
turbed during ENL-DCR. Inspection 
showed visible laser damage to be lim- 
ited to the resected tissues, with no 
changes seen in the remaining portions 
of nasal mucosa, lacrimal sac, or adja- 
cent orbital tissues. 

















REPORT OF A CASE 


oA 29-year-old woman presented to one of 
(B.M.M.) with symptoms of chronic left 
ocystic retention for over 1 year. She 
ported daily morning distention of the left 
lacrimal sac. Massage caused reflux of mu- 
“eopurulent. material and temporarily re- 
lieved her discomfort. Pain was felt 
‘throughout the left midface and had 
‘prompted several otolaryngology and den- 
tal evaluations. Chronic symptoms were 
punctuated with several acute episodes of 
left facial cellulitis. She had recently com- 
pleted taking courses of oral antibiotics and 
was currently using topical neomycin eye 
drops. Varying degrees of epiphora were 
reported between episodes of acute 
infection. 
«On examination, corrected visual acuity 
20/20 in both eyes. The eyelids were 
lly apposed to the globes. The left 
lake was mildly increased in quan- 
he periorbital soft tissues were not 
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visibly distended or erythematous. Mild 
tenderness in response to palpation was 
present in the left medial canthus, where 
massage produced reflux of clear admixed 
with white mucoid material via the lacrimal 
puncta. No masses were palpable. When 
cultured, coagulase-negative staphylococci 
grew from the refluxed material. Results of 
anterior and posterior segment examina- 
tions were otherwise normal. 

Lacrimal testing with 2% fluorescein dye 
placed in the left eye showed no spontane- 
ous passage to the nose and significant 
conjunctival sac retention 5 minutes after 
instillation. Irrigation of the left lacrimal 
system revealed passage of minimal 
amounts of dye-stained fluid to the nose 
only with forced irrigation and an otherwise 
patent upper lacrimal outflow tract. The 
diagnosis of high-grade acquired nasolacri- 
mal duct obstruction was made. Dacryocys- 
togram confirmed the level and degree of 
stenosis and did not demonstrate dacryo- 
liths. Results of the nasal examination were 
judged to be normal. 

Dacryocystorhinostomy was recommend- 
ed for treatment. In addition to standard 
external DCR, the option of ENL-DCR was 
offered, emphasizing that a failure of laser 
DCR would require subsequent external 
surgery. The patient chose ENL-DCR, in- 
dicating her overriding desire to avoid any 
external facial sear. 

In May 1989, with the patient under 
general anesthesia at her request, ENL- 
DCR was performed (Fig 1). The left nos- 
tril was packed with cottonoids soaked with 
a 4% cocaine solution prior to laser inter- 
vention. A protective scleral shell was 
placed in the exposed left eye. Sixty laser 
impactions 0.5 seconds in duration at 7 to 9 
W were required to create a 5-mm nasola- 
erimal fistula. The operating microscope 
was used for visualization. Silicone intuba- 
tion was performed, and irrigation of the 
tract confirmed its patency. Excellent he- 
mostasis was afforded throughout, and no 
complications were encountered. No post- 
operative nasal packs or external dressings 
were required. The patient was discharged 
on the day of surgery. Postoperative medi- 
cations included oral cephalexin, topical 
antibiotic-steroid combination eye drops, 
and saline nasal spray. 

On the first day after the operation, no 
external manifestation of surgery could be 
seen, with the exception of the silicone 
stent at the left medial canthal angle (Fig 
7). The patient reported only mild nasal 
irritation overnight that did not require 
pain medication and otherwise had com- 
plete resolution of her previous facial 
discomfort. 

Fistula patency was documented at each 
subsequent examination by the absence of 
symptoms, fluorescein dye disappearance, 
lacrimal irrigation, and nasal inspection. 
Crusts and mucoid debris about the nasal 
ostium and intranasal silicone tube were 
gently removed with cotton swabs and bay- 
onet forceps, leaving normal-appearing mu- 
cosa by the sixth week after surgery. Daily 
saline nasal spray was continued through- 
out the period of silicone intubation to aid in 
intranasal hygiene. 

After 6 months, a previously chosen in- 
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terval, the silice 
doscopic examinath 
ate passage of fluorescei 
left conjunctival sac anc 
approximately 2 mm in diame ; , 
this writing, the fistula” ‘continues: to ; 
patent, and the patient was free of symp- G 
toms 4 months following stent removal. ` 


COMMENT 


Membranous occlusion of the surgi- 
cal ostium has been shown to be the 
most frequent cause of failure of exter- 
nal DCR.” The most commonly iden- 
tified obstruction results from syne- 
chiae between the surgical ostium and 
adjacent nasal septum or middle turbi- 
nate mucosa.” These findings suggest. 
that the extensive dissection re 
in external DCR to generate ad 
mucosal flaps for anastomosis car 
potentially detrimental to the ultin 
goal of patency. As the amoun 
surgical dissection increases, a i 
comitant increase in operative mor 
ity and postoperative discomfort ¢ 
be expected. Cerebrospinal fluid leak: 
have been reported following the rou 
tine bone resection of external DCR.’ 
The logic for creating large surgical 
anastomoses is further questioned in — 
light of the observation of Linberg and | 
colleagues’ that such openings, when — 
healed, averaged only 1.80 mm in- 
diameter yet provided relief from > 
epiphora. 2 

It was our contention in the develop- 
ment of ENL-DCR that a discrete 
nasolacrimal fistula of adequate fune- 
tional dimensions could be safely and 
reliably produced using the high- 
powered argon laser. By avoiding the 
dissection and displacement of tissues 
surrounding but not involved in the 
actual fistula, we anticipated a reduced — 
postoperative inflammatory response, — 
with less chance of fistula closure by. 
wound contracture or synechial ob- 
struction. The intranasal approach 
eliminates the need for a cutaneous . 
scar, reduces operative morbidity, and _ 
allows patients to more rapidly resume- 
their normal daily activities followin 
outpatient surgery. i 

The addition of silicone ‘ ‘canal 
stents to ENL-DCR offers - 
that outweigh any possible 
effects and may be essential 
ultimate patency of its small in 
ostium. The use of silicone stents 
complicated standard DCR oats ° 
and lacrimal outflow system injury” È 
a well-established means of mainan i : 
ing fistula patency where an otherwise _ 
narrow or traumatized passage might — 
be expected to occlude during healing. - 

Critical to the safe and successful. ~ 
performance of any form of intranasal 














DCR is the precise identification of the 
lacrimal sae lumen while viewing from 
the nose. The surgeon can then acecu- 
rately resect just those tissues overly- 
ing the lumen while avoiding damage 
to surrounding orbital and nasal tis- 
sues, We have found that the 20-gauge 
light pipe, used as a transilluminating 
marker within the lacrimal sac, pro- 
vides this key element of control that 
_was lacking in previous descriptions of 


= Intranasal DCR. 


The preferred site for fistula place- 
ment in ENL-DER is the posteroinfer- 
ior lacrimal sac fossa, where nasal and 
lacrimal tissues are in their closest 
apposition. Unlike the thicker maxil- 
lary bone of the anterior fossa, at the 
posteroinferior location there is only 
thin and fragile lacrimal bone” that is 
easily penetrated by laser and light 
pipe (Figs 5 and 6). Penetration at this 
position enters the middle meatus of 
the nose without compromise of more 
posteriorly located sinus duct systems. 

In addition to its use in other surgi- 
cal specialties, the high-powered argon 
laser has had rhinologic applications, 
including the treatment of nasal telan- 
giectasis, partial turbinectomy, syne- 
chial lysis, and the creation of nasoan- 
tral windows through maxillary bone 1 
mm thick.” The argon laser emits 
light of two wavelengths (488 and 
514.5 nm) found in the blue-green re- 


gion of the visible spectrum. The selec- 


tive absorption of these wavelengths 
by hemoglobin confers coagulative 
properties that allow the resection of 
vascular tissues with excellent hemo- 
static control.” This feature, combined 
with a flexible fiberoptic delivery sys- 
tem, makes the high-powered argon 
laser uniquely suited to our needs in 


1. Toti A. Nuovo metodo conservatore dicura 
radicale delle soppurazioni croniche del sacco lacri- 
male (daeriocistorinostomia) Clin Moderna. 
1904;10:385-387. 

2. Dupuy-Dutemps, Bourguet. Procede plas- 
tique de la dacryocystorhinostomie et ses resultats, 
Ann Ocul. 1921;5158:241-261. 

3. Burns JA, Cahill KV. Modified Kinosian da- 
eryocystorhinostomy: a review of 122 eases. Oph- 
thalmic Surg. 1985;16:710-716. 

4. Anderson RL, Edwards JJ. Indications, com- 
plications, and results with silicone stents. Oph- 
thalmology. 1979;86: 1474-1487, 

5. Caldwell GW. Two new operations for ob- 
structions of the nasal duct with preservation of the 


-o canaliculi, Am J Ophthalmol, 1898;10:189. 


6. Steadman GM. Transnasal dacryocystorhin- 

ostomy. Otolaryngol Clin North Am. 1985;18:10T- 
O. 

7. Jokinen K, Karjä J. Endonasal dacryocysto- 

 vhinestomy. Arch Otolaryngol Head Neck Surg, 





1176 Arch Ophthalmol— Vol 108, August 1990 


endonasal DCR. 

As expected, the argon laser was 
found to perform more efficiently in 
our clinical case than was previously 
noted during laboratory resection of 
“nonperfused” cadaver tissues. Lower 
initial wattages were used to coagulate 
tissue prior to vaporization at high 
power settings. With this technique, 
laser resection of the nasolacrimal fis- 
tula proceeded in an essentially blood- 
less field. 

Study of a clinical series of patients 
undergoing ENL-DCR for nasolacri- 
mal duct obstruction is now proceed- 
ing. All adult patients who would oth- 
erwise be candidates for external DCR 
are considered, with some exceptions. 
The ENL-DCR procedure is contrain- 
dicated if the results of a clinical ex- 
amination suggest a malignant neo- 
plasm in the lacrimal sac. The need for 
wide surgical access to lacrimal tissues 
for biopsy or resection would mandate 
an external approach. The endonasal 
approach does not, however, preclude 
routine random biopsy of nasal or lacri- 
mal tissues when used in conjunction 
with available sinus endoseopy in- 
strumentation. 

Several other contraindications are 
related to our current level of sophisti- 
cation in ENL-DCR and may change 
with expected technical advancements. 
Confirmed dacryolithiasis, though po- 
tentially treatable with ENL-DCR, 
may require a wider exposure of the 
lacrimal sac for stone removal. Pa- 
tients with recurrent acute dacryocys- 
titis that has fistulized to the skin may 
have abscess cavities that are separate 
from the main lacrimal sac lumen and 
need direct incision and drainage. The 
inclusion of routine pediatric DCR 


References 


1974;100:41-44, 

8. Patrinely JR, Anderson RL. A review of lacri- 
mal drainage surgery. Ophthalmic Plast Reconstr 
Surg. 1986;2:97-102. 

9. Linberg JV, Anderson RL, Bumsted RM. 
Barreres R. Study of intranasal ostium externa! 
dacryoeystorhinustomy. Arch Ophthalmol. 1982; 
100: 1758-1762. 

10. Jaffe GJ, Mieler WF, Radius RL, Kincaid 
MC, Massaro BM, Abrams GW. Ab interno seleros- 
tomy with a high-powered argon endolaser: clinico- 
pathologic correlation. Arch Ophthalmol. 1989; 
1O7:1183-1185, 

il. Welham RN, Henderson PH. Results of da- 
eryocystorhinostomy: analysis of causes for failure. 
Trans Ophthalmol Soe U K. 1973:93:601-609. 

12. Allen KM, Berlin AJ, Levine HL. Intranasal 
endoscopic analysis of daeryocystorhinostomy fail- 
ure. Ophthalmic Plast Reconstr Surg. 1988;4:143- 
145. 

13. Neuhaus RW, Baylis HI Cerebrospinal flu- 


cases, we believe, must await further _ 






experience and results in the adult — 
population. | 

For the past 70 years, external DCR 
has remained the gold standard by 
which all other procedures for the cor- 
rection of nasolacrimal duct obstruc- ` 
tion must be judged. Despite its estab- - 
lished success, external 
continues to be approached with reluc- ` 
tance by many ophthalmic surgeons _ 
and their patients. Physicians who are — 
uncomfortable with nasal and lacrimal 
anatomy, unfamiliar with the surgical 
techniques of bone removal, and wary 
of bleeding complications tend to treat 
recurrent dacryocystitis by medical 
means for extended periods before 
pursuing a surgical solution. Patients 
will at times endure chronic lacrimal 
discharge with annoying epiphora and 
even episodic pain (as in our case re- 
port) rather than face the potential 
discomfort and postoperative cosmetic 
blemish of external DCR. It is perhaps 
for these reasons that we have found 
such enthusiastic support for ENL- 
DCR among both referring physicians 
and their patients. 

Based on our initial experience with 
ENL-DCR, we believe this enthusi- 
asm to be guardedly justified. In- 
creased patient experience and longer 
follow-up periods will determine 
whether ENL-DCR is able to provide 
the reliable and effective therapy of 
standard external DCR. 
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cations discussed in this report. 
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Continuing Education for Ophthalmologists 


This list of continuing education opportunities for ophthalmologists is published 
monthly as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 


monthly and provides an easy reference to continuing medical education { CME) COUPES, 
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and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meltzer, Archives of Ophthalmology, CME, 







“sponsor for more detailed information. 


ARIZONA 


‘Ann Mtg of the American Coll of Veterinary 
-= Ophthalmologists At: Scottsdale Dates: 10/10/ 
90 to 10/14/90 Contact: Judy Schramm, Cortez 
‘Travel Inc, 117 Lomas Santa Fe Dr, Solana 
Beach, CA 92075; (619) 755-5136 


CALIFORNIA 


Uveitis & Retina Frontiers: Diagnostic, Med, & 
Surg Approaches to Uveitis & Retinal Disease 
At: Carmel Dates: 9/14/90 to 9/15/90 Hrs Instr: 

` -12 Reg Fee: $395 Contact: Extended Prgms in 

_. Med Educ, Univ of California, Room C-124, San 

: c Francisco, CA 94143-0742; (415) 476-4251 








eitis/Retinal Frontiers At: Carmel Valley 
Dates: 9/14/90 to 9/16/90 Contact: Univ of Ca- 
, Extended Prgms in Med Educ, Room U-569, 
an Francisco, CA 94143-0742; (415) 476-4251 


THE ARMED FORCES INSTITUTE OF PATHOLOGY 


THE AMERICAN REGISTRY OF PATHOLOGY 
ANNOUNCE THEIR ANNUAL COURSES 


py of The Eye, Orbit, and Ocular | 
D.) AUG 25-26, 1990. Tuition | 









$200. 


_ Jj. Douglas Cameron, M.D. 
Ralph C. Eagle, M.D. 
Ben S. Fine, M.D. 

- Robert Folberg, M.D. 








. Anatomy, Histology, and Electron Microsco 
_ Adnexa (Course Director—Ben S. Fine, M. 


N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 


Ophthalmol Cont Educ Prgms 1989-1990 At: Los 
Angeles Dates: throughout 1990 Sponsor: Jules 
Stein Eye Inst and Dept of Ophthalmol, UCLA 
Sch of Med Contact: Gretchen Falvo, Dir, Ac- 
ademie Prgms; (213) 825-4617 


Controversies in Ophthalmol: Focus on Diabetes 
At: Los Angeles Dates: 9/27/90 to 9/28/90 Hrs 
instr: 14 Reg Fee: $395, practicing physicians; 
$195, USC active voluntary faculty; $100, re- 
tired physicians, allied health personnel, and 
ophthalmology residents & fellows Contact 
Dave Carpenter, Dir, CME, Doheny Eye Insti- 
tute, 1355 San Pablo St, Los Angeles, CA; (213) 
342-6680 


Corneal and Refractive Surg for the Anterior 
Segment Surg: A Symp Commemorating Max 
Fine, MD At: San Francisco 9/21/90 to 9/22/90 
Reg Fee: $350 before 8/31/90; $395 after 8/31/ 
90; $125, resident physicians (with letter of ver- 
ification} Contact: Pacific Vision Found, 2340 


AND 


Ophthalmic Pathology for Ophthalmologists oe 
Course Director—Lorenz E. Zimmerman, M.D.) AUG 27-31, 1990. Tu 


FACULTY 
Ramon L. Font, M.D. 
Frederick Jakobiec, M.D. 
lan W. McLean, M.D. 
Henry D. Perry, M.D. 


~ Registration and correspondence to: American Registry of Pathology, 
_ Armed Forces Institute of Pathology, Washington, DC 20306-6000 ~ 


Charles $. Specht, M.D. 
Lorenz E. Zimmerman, M.D. 


Clay St, Suit an 
(415) 928-3423 


Masters of Ophthal 
10/5/90 to 10/6/90 Hrs instr: 16 
ters of Ophthalmol, PO- Box 640350, 
cisco, CA 94164; (415) 441-1057 =. 




















The Ophthaimo! Rev Course Honoring Crowell. 
Beard, MD, At: San Francisco Dates: 11/8/90 to- 
11/13/90 Reg Fee; 6-day course, $690, physi- ~ 
cians, $460, residents; extra mock orals day, $50; - 
repeating course within 2 years, $345 Contact: 
Joseph H. Selliken, Jr, MD, The Osler Inst, 1094. 
Dawn Lane, PO Box 2218, Terre Haute, IN 


or Clare Kilgore, Sonocare Ine, 21- 
Ave, Upper Saddle River, NJ 07458; 
7550 

GEORGIA 


Adv Vitreoretinal Surg At: Atlanta Date 
90 to 10/27/90 Sponsor: The Emory Ey 
Emory Univ Sch of Med Contact: CME, 
Univ Sch of Med, 1440 Clifton Rd, NE A 
GA 30822; (404) 727-5695 


internati Soc of Refractive Keratoplasty 
Academy Symp and Demonstration Se 
At: Atlanta Dates: 10/26/90 to 10/27/90 Hrs 
str: 8 Reg Fee: $225 Contact: Catherine 4 
Brod, Exee Dir, ISRK, 1855 W Taylor St, Chi 
cago, IL 60612; (812) 996-4747 | 


21st Ann Sci Symp At: Atlania Date: 10/277% 
Sponsor: Am Soc of Ophthalmic Plastic &- 
construction Surg Contact: Paul T. Gra 
MD, Prgm Chrmn, 1990, ASOPRS, 4910 Massa 
chusetts Ave, NW, Suite 21, Washington, Di 
20016; (202) 686-0239 oe 

(Continued on p 1179.) 


Harry A. Quigley, M.D _ a 
Jerry A. Shields, M.D. 





THE BASCOM PALMER EYE INSTITUTE / UNIVERSITY OF MIAMI 
SCHOOL OF MEDICINE INVITES YOU TO 











SHERATON ROYAL BISCAYNE HOTEL, KEY BISCAYNE, MIAMI, FLORIDA 


DEC. 6-8, 1990 


The following outstanding speakers will present the latest clinically relevant information 
on: LYME DISEASE, AIDS, OCULAR SYPHILIS; NEUROIMAGING: LEBER’S OPTIC 
NEUROPATHY UPDATE; and much more! 
Dr. Joseph Berger 
Dr. William W. Culbertson 
Dr. Janet L. Davis 
Dr. Bradley K. Farris 
Dr. Steve Galetta 
Dr. J. Donald M. Gass 
Dr. Joel S. Glaser 
Dr. Robert L. Lesser 
Dr. Thomas Naidich s 
Dr. Eeva Nikoskelainen 
Dr. Andrew Pachner 
Mme. A. Paris-Hamelin 
Dr. Richard K. Porschen 
Dr. Norman J. Schatz 
Dr. J. Lawton Smith 
Dr. Robert Tomsak 
Registration is $325 for practitioners and $100 for residents. 
Write: NEURO-OPHTHALMOLOGY COURSE, Bascom Palmer Eye Institute, 
PO Box 015869, MIAMI, FL 33101. Phone (305) 326-6099 











: "The University of Miami School of Medicine is accredited by the Accreditation Council for Continuing Medical Raucation (ACCME) 
< to sponsor continuing medical education for physicians. The University of Miami School of Medicine designates this continuing medical 

__ education activity for 12.5 credit hours in Category 1 of the Physician’s Recognition Award of the American Medical Association" 
YALL COME!! i 
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ternal! Cong on Laser Surg of the Cornea 

‘Atlanta Dates: 11/2/90 to 11/3/90 Reg Fee: 

(0 before 9/1/90; $500 after 9/1/90 Contact: 

E, Emory Univ Sch of Med, 1440 Clifton Rd, 

3 111-A WHSCAB, Atlanta, GA 30822; (404) 
-5695 










HAWAII 


1: 2th ‘Ana Royal Hawaiian Eye Mtg At: Honolulu 
“Dates: 1/19/91 to 1/26/91 Hrs Instr: 28 Contact: 
“Mary Charles & Assoc, 2334 5. King St, Suite 

205, Honolulu, HI 96826; (808) 942-9655 


ILLINOIS 


-The Univ of illinois at Chicago Eye Ctr S 
: Mtg At: Chicago Dates: 9/14/90 to 9/15/ 
str: 14 Reg Fee: $300, physicians, ee 
s Contact: UIC Eye Ctr (M/C 648), 
eM. Brod, Prgm Dir, 1855 W Taylor St, 
9, IL 60612; (312) 996-4747 














KENTUCKY 


‘Seventh Ann Ophthalmol Sem: Ophthalmic in- 

sights into the 90s At: Louisville Date: 9/22/90 
-Hrs Instr: 3.5 Reg Fee: $50 Contact: Norman D. 
© Radtke, MD, 240 Audubon Med Plaza, Louis- 
ville, KY 40217; (502) 636-2823 


Fifth Ann Muitispecialty Oculopiastic Surg Symp 
-At Lexington Dates: 9/28/90 to 9/29/90 Con- 
tact: Karen Heidorn, The Ctr for Adv Eye Surg, 
: Humana- Hospital-Lexington, 150 N Eagle 
2 ek Dr, Lexington, KY 40509; (606) 268-3754 


MASSACHUSETTS 


ed Sch Postgrad Course in Current 
Neuroradiology, Head, and Neck 


Radiology, and Neuro-MRI At: Boston Dates: 
10/1/90 to 10/5/90 Hrs Instr: 40 Reg Fee: $620, 
combined course, $480, residents/fellows, $480, 
for neuroradiology (10/1 to 10/3), $480, head 
and neck radiology (10/4 to 10/5) Contact: 
Harvard Med Sch, Dept of CME, Boston, MA 
02114; (617) 482-1525 


MINNESOTA 


14th Ann Current Trends in Ophthalmol At: 
Bloomington Date: 10/6/90 Contact: Phillips 
Eye Inst, 2215 Park Ave S, Minneapolis, MN 
55404; (612) 872-5309 


NEW YORK 


Basic Sci Course in Ophthalmol At: New Fork 
Dates: 9/5/90 to 12/31/90 Hrs instr: 154 Reg 
Fee: $1100 Contact: NY Univ Med Ctr, Post- 
Grad Med Sch, 550 First Ave, New York, NY 
10016; (212) 340-5295 


Corneal Refractive Laser Surg: A Crit Appraisal 
of Current Lasers & Methods At: New York 
Date: 9/15/90 Hrs Instr: 7 Reg Fee: $250, phy- 
sicians; $150, residents and fellows in training 
Contact: Ctr for Cont Educ, 680 W 168th St, 
New York, NY 100382; (212) 305-3682 


The Diabetic Eye: Disease & Treatment At: New 
York Date: 9/15/90 Sponsor: Dept of Ophthal- 
mol, Manhattan Eye, Ear & Throat Hosp Con- 
tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; (212) 605-3761 


Manhattan Eye, Ear & Throat Hosp Fall & Winter 
1990-1991 Courses At: New York Dates: 9/ 
15/90, 16/5/90 to 10/6/90, 11/10/90, and 1/12/ 
91 Contact: Kimberly Corbin, Course Coord, 
Department of Ophthalmol, Manhattan Eye, 








Hosp, 201 E 64th St, New Yo i 
605-3777 “a 
































Giover-Lisman Professorship (Manus c. Kratt, a 
MD) At: New York Dates: 10/5/90 to 10/6/90 ~~ 
Sponsor: Dept of Ophthalmol, Manhattan Eye, ` 
Ear & Throat Hosp Contact: Course Coord, | 
Dept of Ophthalmol, MEETH, 210 E 64th St, ee 
New York, NY 10021; (212) 605-3761 ae 


New York Soc for Clin Ophthaimot Fail Symp At 
New York Date: 10/13/90 Contact: Francini 
Leinhardt, Course Coord; 210 E: 64th St, New 
York, NY 10021; (212) 838-9200 ext 2776 


Lectures At: New York Da 
16/90-Bert Glaser, MD; 1/15 
Gutman, MD; 3/ 19/91-James. ; 
MD Sponsor: Dept of Ophthalix 
Eye, Ear & Throat Hosp Contact 
Corbin, Course Coord, Dept of Opt 
MEETH, 210 E 64th St, New York, N 
(212) 605-3761 


Glaucoma Sem At: New York Date: 11 
Sponsor: Dept of Ophthalmol, Manhattan 
Ear & Throat Hosp Contact: Kimberly Co 
Course Coord, Dept of Ophthalmol, MEET 
210 E 64th St, New York, NY 10021; (212) 6 
3761 


The Edward S. Harkness Eye inst, Colum! 
Presbyterian Med Ctr 1990-1991 Basic Scia 
Clin Sci Course At: New York Dates: 1/3/91 
1/31/91 (Basie Sci Course) and 10/8/90 to 
22/91 (Clin Sci Course) Reg Fee: $750 Conta 
Ms Clara Duffy, Prem Coord, Edward S. Hark 

(Continued on p 1181. 





International Corneal Laser Society and 

ee Emory University School of Medicine host the 

a Third International Congress on 

“LASER SURGERY OF THE CORNEA 
November 2-3, 1990 

(Follows the American Academy of Ophthalmology) 





LOCATION 
~The Ritz-Carlton Buckhead, 3434 Peachtree Road, Atlanta, Georgia. 


FORMAT 
e Plenary Sessions with Invited Papers 
e Submitted Papers with Discussion 
s Small Group Working Luncheons 
* Demonstrations of Commercial Excimer Laser Systems 





Ce DEADLINES 
cer Paper Abstracts: September 1, 1990 (6 copies of abstract not exceeding 800 words} 
© Acceptance notification to aut thors: September 15 

-e Full papers due: October 1 


STEERING COMMITTEE 
Theo Seiler, M.D., Ph.D. 
Stephen Trokel, M.D. 
John Marshall, M.D. 
Carmen Puliafito. M.D. 
Marguerite McDonald, M.D. 


PROGRAM CHAIRPERSON 
George O. Waring, Hl, M.D. 









s REGISTRATION 

A the registration form attached. The registration fee includes program 
edings, soiree with dance band (limited to first 500 to sn up), refresh- 
tion, and transportation to the airport. Seating for the working 
ed 10200. Presenters will be refunded $100 at the meeting. 


REGISTRATION OR FURTHER INFORMATION 


LASER SURGERY OF THE CORNEA 
November 2-3, 1990 


C Send a brochure. 











Li | wish to register now. 


Name wae ade So ent A eh Dah he ae a ee — 
Address ieee ea pee eae 
City sc si Sh gem se ne ac cd de 

Country vei Lasse tne, ath SEA pa ett tee ea 

Phone wg Peseta FAX 


Please 
Total 


Before After 
Sept. 1 Sept. 1 


TUITION $400 $500 
Fada Lunch: $25 $25 nah 
Saturday Lunch $ 25 $25 


Amount Enclosed 





Detach and Mail or FAX To: a 
CONTINUING MEDICAL EDUCATION 
Emory University School of Medicin 
1440 Clifton Road, N.E., 107 WHSCAB 
Atlanta, Georgia 30322 ae ao 
(404) 727-5695 FAX: mts 72 566 ee 


Ae amu nn rr retin e 


fas it. appears ers card). 


Signature 
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Feel like you'll have to learn a new language 
to really understand health delivery svstems? 
You're not alone. But there's a complete and 
~~ easy-to-use book to enable you to break 
oa through the jargon... Physicians’ Resource 
<> Guide to Health Delivery Systems, 

“Includes pro’s and con’s of HMOs, PPOs, 
IPAs; a list of government, consumer and 
- other groups associated with HMOs; 
-a glossary; abstracts; trends; historical data. 


~ To order your copy, phone toll free today: 
MasterCard and Visa LS 
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THE AMERICAN SOCIETY OF 
OPHTHALMIC PLASTIC 
AND RECONSTRUCTIVE SURGERY 


PRECEDING THE AMERICAN ACADEMY OF 
OPHTHALMOLOGY MEETING 


21st ANNUAL MEETING 


Saturday, October 27, 1990 
Westin Hotel Atlanta, Georgia 
8:00 a.m.—5:00 p.m. 


SYMPOSIUM ON COSMETIC BLEPHAROPLASTY 
Eyelid, Lacrimal and Orbital Surgery 


GUEST SPEAKERS 


Robert S. Flowers, M.D. 
Bahman Teimourian, M.D. 

Clinton D. McCord, M.D. Byron C. Smith, M.D. 

Jay Justin Older, M.D. David B. Soll, M.D. 
Richard R. Tenzel, M.D. Joseph C. Flanagan, M.D. 
Norman Shorr, M.D. Allen M. Putterman, M.D. 

Paul T. Gavaris, M.D. 

1990 Program Chairman 
























THE EAGLE. 
AN ENDANGERED SPESIES 


The Eagle, symbol of 
strength, honor, and character, 
personifies the vigor of 
America. 

The Eagle Badge, symbol o 
strength, honor, and character, 
represents the highest level of 
achievement in the Boy Scout 
movement. 

Don’t let the best of Amer : A 
become an endangered spegi FJS ] 
















BECOME A MEMBER OF ne NATIONAL BOY SCOUT 
ALUMNI FAMILY. — JOIN TODAY! 
Your one-year, $10 membership entitles you to the 
Alumni Bulletin, the Annual Report, a membership 
card and an attractive wall certificate suitable for 


A three-year, $30 membership entitles you to a free 
Norman Rockwell print, as well as all of the benefits of 
a one-year membership. 

Write today ta W 
National Boy Scout Alumni Family ae 
1325 Walnut Hill Lane + Irving, Texas 75062 - 129 
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AWATAN EYE MEETING 


January lA - 26, 1991 


At the fabulous Hyatt Waikoloa on the Big Island of Hawaii, in the shadow of live 
< volcanoes. Register now for the largest public eye meeting in the country! This year's 
- exciting program includes: 





- @Cataract/Implant UR | Cee eer Charles Fritch, M.D., Moderator 
~ Experts present the latest in ECCE and phaco, small incision lenses, and multifocals, along with 
a" complications and trends. 


is line Hor Doan E Classic” is a four-hour, in-depth review of office neuro problems by one 
the nation’s most respected clinicians. 


` Personal Lifestyle Management................. Stephen N. Hull. M.D.. Moderator 
= How you and your colleagues handle health, marriage. parenthood, fitness, substance abuse, 
leisure, careeraholism, time, value, stress, crises, etc. 


_ @ Medical Risk Management/Malpractice....Dennis D. Shepard, M.D., Moderator 
-Experts deal with risk prevention, liability, informed consent, litigation, arbitration and its 
~ implications. 

-~ @Glaucoma Management Today... nne Allan E. Kolker, M.D. 


Z Today's most effective and efficient glaucoma management, including latest trends in diagnosis 
-and treatment. 


What's New in Ophthalmology......................:c:eeeee ee John D. Hunkeler, M.D. 
eview of the year's news in lasers, lenses, meds, equipment and techniques, plus preview of 
oming events. 


> Survival Kit for the 90'S.......000....ccceseeeeee Herve M. Byron, M.D., Moderator 
Learn the vital components of a new survival strategy. 








- @Making Intelligent Bottom Line Financial Decisions................... Bruce Maller 
Essential financial information you need to effectively manage your practice. 


® Marketing Your Services To Patients and Public............. Bill Sardi, Moderator 
Effective internal marketing strategies to please patients. improve staff morale and enhance your 
_ job satisfaction. 





© Allied Health Personnel Meeting 


: Donald J. Ham, M.D. & Theresa Ham, R.N., Chairpersons 
_ Seven days of practical information experts: discussions, panels and workshops. 


®© Administrative Personnel Meeting 


Bill Borover, Chairperson 
Top managers and administrators from leading practices focus on the needs 
of front office, business and administrative personnel. 








Also featuring many exciting special interest workshops, FREE to ail RHEM regis- 
-= trants. And don’t miss our popular poolside Banyan Tree sessions with the faculty! 


- 28 hours CME credit for physicians attending RHEM and workshops, along with ANA 
ee contact hours and JCAHPO credit hours. 


-Register Now! Don't miss this opportunity to visit a live (but very safe) volcano! 







To receive your RHEM 91 
Registration Kit, 


FOUNDATION 


c/o Mary Charles & Associates 
2334 S. King Street, Suite 205 
Honolulu, Hawaii 96826 
808/942-9655 


contact: 
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-Nin tiss At Valhalla 
Date: 9/22/90 Reg Fee: 125, attendings; $35 
residents & fellows Contact: Dept of Ophthal- 
mol, Camille Damiano, Westchester County 
Med Ctr, Valhalla, NY 10595; (914) 285-7671 


Ophthaimo! Enters the N 


OHIO 


Fifth Ann Tilles-Weidenthal Lec At: Cleveland 
Date: 9/15/90 Hrs Instr: 3 Reg Fee: none Cone  - 
tact: David T. Weidenthal, MD, Dir, Div of 
Ophthalmol, Saint Luke’ s Hosp; 11311 Shaker- 
Blvd, Cleveland, OH. 44104; (216) 368-7146 -— 


The 1990 Ross/ Ohio. State: Nath Contact Lens 
wa At Columbus Dates: 9 7/90 to 9/9/ 90.Car 


229- 178 


Cataract 1990. 

$135, physi 
90), $165, p 
17/90) Conta 


Dates: 97 13/90 t to iy, ele is Contact: Eu | 
o Cullen Eye Inst, Baylor Coll of Med, 

Fannin (NC200}, Houston, TX 77030; (713) 
5941 


WASHINGTON DC 


Armed Forces inst of Pathology & American 
Registry of Pathology Ann Courses At: Wash 
ington Dates: 8/25/90 to 8/26/90 (Anatomy 
Histology & Electron Microscopy of the Eye 
Orbit, & Ocular Adnexa) & 8/27/90 to 874 
(Ophthalmic Pathology for Ophthalmolog 
Reg Fee: $200 for Anatomy course, $45 
Pathology course Contact: American Registry 
of Pathology, Armed Forces Inst of Pathology 
Washington, DC 20306-6000 a 


W VIRGINIA 


11th Ann Ophthalmol Clin Conf At: Morgantown 
Dates: 10/19/90 to 10/20/90 Contact: Patri 
Schumann, Conf Coord, Dept of Ophtha 
West Virginia Univ Health Sei Ctr N, Morg 
town, WV 26506; (304) 293-3757 ae 





WISCONSIN 


ee Fali Symp: ‘Current Concepts: in Ophthaimo 
: Milwaukee Dates: 10/12/90 to H 
ase Ms Tammy Conant, The Eye a 
W Wisconsin Ave, Milwaukee, WL 5322 
257-5102 


Ocular & Orbital Tumor. Symp 
Dates: 12/7/90 to 12/8/90 Reg Fee 
ticipating physicians; $75, resid 
(reg deadline, 11/15/90) Contact: 
Mieler, MD, Eye Inst/Med- Coll of 
8700 W Wisconsin Ave, Milwaukee 
(414) 257-5544 n 


- FOREIGN 


Current Goneants in Ophthalmol: Mgmt of. cata- E 
ract-Glaucoma At: Athens, Greece Date: 9/8790 
Contact: Panhellenic Ophthalmological Soc, 
Univ Eye Clin, AHEPA Hosp, Thessaloniki, 
Greece _ : 


Ann OphthaimolC Coivention At: San Juan, Puerto 
Rico Dates: 10/11/90 to 10/14/90 Hrs Instr: 18. 
Sponsor: Section of Ophthalmol, Puerto Rico 
Med Assn Contact: Victor M. Diaz Bonnet, MD 
Box 1184, Hato ‘Bey. Puerto Rico 00919; 7 B08 
765- 9470... oP 






THE EMORY EYE CENTER - 
OF EMORY UNIVERSITY SCHOOL OF MEDICINE 


presents 


- Advanced Vitreoretinal Surgery 


October 26 - 27, 1990 (before AAO Meeting) 
The Ritz-Carlton Buckhead Hotel, Atlanta, Georgia 












Faculty - a Course Co-Directors 











Thomas Aaberg, M.D. Robert Machemer, M.D. Travis Meredith, M.D. 
Gary Abrams, M.D. Brooks McCuen, M.D. Paul Sternberg, M.D. 
Mark Blumenkranz, M.D. Ronald Michels, M.D. 

Michael Lambert, M.D. Yasuo Tano, M.D. 






Peter Leaver, FRCS 






-Topics to Include For More Information 






< 0e Vitrectomy for macular disease e Endophthalmitis Continuing Medical Education 

-s e Bimanual dissection technique e Anterior hyaloidal proliferation Emory University School of Medicine 
-. + ® Retinopathy of prematurity e Intraocular tamponade 1440 Clifton Road, NE 
a oo ze. Anterior PVR © [OL repositioning Atlanta, Georgia 30322 









Phone (404) 727-5695 


oo e Giant retinal tears 
ye Fax (404) 727-5667 







Pacific Presbyterian Medical Center 
Department of Ophthalmology 
and 






< Ocular & Orbital Tumor Symposium 


So by 


December 7—8, 1990 


ON E IC Wyndham Milwaukee Center 
Mena. Milwaukee, WI 
JF WISCONSIN 

` EYE INSTITUTE & Course Directors 


_ CANCER CENTER Gerald J. Harris, M.D, FACS 
William F. Mieler, M.D., FACS 






Pacific Vision Foundation 











A SYMPOSIUM cOMMENORATING Aa 
MAX FINE, M.D. 
September 21-22, 1990 


Fairmont Hotel | 
Nob HIH, San Francisco 












annans a aminen ansa enarea aree munanna mana n E 








COURSE PROGRAM 
This coume will include presentations and pane! discussions on: 
1) Standand techniques and newest innovations in corncal surgery. 
2) Latest developments in laer and non-laser refractive surgery. 
3) Preverion of comeal complications in cataract and osher 
AILETION Aegment surgery. 





Guest Faculty 


JERRY A. A. SHIELDS, M.D. FREDERICK A. JAKOBIEC, M.D. 
X ~ Philadelphia, PA Boston, MA 









GUEST FACULTY 
Walter E, Beebe, MD. Richard H. Keates, MD. David Meiser, MD. 
Perry S. Binder, MD. Steven G. Kramer, MD., Ph.D. Roger F. Meyer, MD. — i 
William M. Bourse, MLD. Peter R. Laibson, MD, “Thomas H. Peait, M.D.” 
Stuart L Brown, M.D. Jeffrey D. Lanier, MLD. James J. Rowary, M 
Terry E. Burris, MD. Thomas J. Liesegang, M.D. James J Satz, MD. 
William W, Culbertson, M.D. Scon M. Macrae, M.D. David J, Schanzlin, MD. 
Claes H. Dohiman, MD. Sid Mandelbaars, M.D. Ronald E; Smith, MD. 
Mitchell H. Priediander, M.D. Peter J. MeDoanell MOD. Keith P. Thompson, MD. 
Henry Gelender, M.D. l . George Q. Waring, MD. 








| Additional Speakers 
-Medical College of Wisconsin Faculty from the Departments of 
z Ophthalmology, Radiology, . Radiation-Oncology, Hematology 
Oncology, Neurosurgery, and Otolaryngology 












REGISTRATION DEADLINE: NOVEMBER 15, 1990 
Participating Physicians~3250 - Residents/F ellows~$75 


CME Credits Available 


Richard L. Abbot, MD. a ” David W. Vastine, M.D. 
i ; Robert G. hace k, MD. 






FOR MORE INFORMATION AND COURSE Z DIRECTOR: 
BROCHURE CONTACT: : ‘Richard L. „Abbott, MD. 


PACIFIC VISION FOUNDATION REGISTRATION FEES: 
2340 CLAY STREET, SUITE 124 > $350 Before ee 3i 
SAN FRANCISCO, CA 94118 oo $3954 t 3: 

































DOHENY Eve INSTITUTE 
Presents 


‘TROVERSIES IN OPHTHALMOLOGY: 
“FOCUS ON DIABETES 
22nd Annual Doheny Meeting 


Thursday and Friday, September 27, 28, 1990 
Ronald E Smith M.D. 


Guest Faculty: 
Frederick A. Jakobiec, M.D., Boston, MA 
Allan E Kreiger, M.D., Los ‘Angeles, CA 
Arnall Patz, M.D., Baltimore, Md. 


Accreditation: 
14 hours CAT I CMA/AMA 
7 JCAHPO Hours 
14 BRN Hours; Provider #06342 
11 JCAHPO Medical Assist. Course 
Limited Enroilment 
$395 
$195 
$100 
$100 
$100 


Workshop on IOL Calculations 
Hours: 8:00 a.m. - 12:00 p.m. 
Workshop on Retinoscope Theory 
Hours: 8:00 a.m. - 12:00 p.m. 


Location: 
Doheny Eye Institute 


rpenter, Director CME 
6680 1355 San Pablo Street 





A. Frances Walonker, C.O., C.O.MLT. 




















THE EDWARD S. HARKNESS E NSTITUT E 2 
COLUMBIA-PRESBYTERIAN MEDICAL CEN] R z 
NEW YORK, NEW YORK 7 


Announces its 1990-1981 
BASIC SCIENCE AND CLINICAL SCIENCE COURSE 


A comprehensive survey for. 

RESIDENTS IN OPHTHALMOLOGY. EA 

The Basic Science Course will be held: 
January 3, 1991 through January 31, 199 

8AM to 5PM daily 


The curriculum includes Ocular Embryology, Anator 
chemistry, Immunology, Epidemiology, Parasitolog 
ogy, Pharmacology, Physiology, Optics and Motility, Rad 

and Light Damage eee 


Tuition: $750 


The Clinical Science Course will bë hek | 
October 8, 1990 to March 22, 1991—7: 30 AM to 8: 1) em 


The curriculum includes the fundamentals and princip € 
Ophthalmology, Optics, Refraction, Contact Lenses, U 
Ocular Tumors, Retina, Vitreous, Neuro-Ophthalmology, 
atric Ophthalmology, Ocular Motili ity, Cornea, External Di 
Glaucoma, Cataract, IOLs, Trauma, Orbit, Eyelids, Lacrima! 

System, and Ophthalmic Pathology 


Registration Fee—$750 | 
There will be no fee for Clinical Science Course if the B 
Science Tuition is paid oe 


The courses are offered by our Research and Clinical Faculty 
and include invited outside lecturers a 


Course Directors: 


Basil Worgul, Ph.D. 
George Florakis, M. D. 


For further information “i application forms 
please contact: pee 
Ms. Clara PUY "O 







Edward S. Harkness Eye institute 
635 West 165th treet 

New York, New York 10032 

Telephone: OY): 305- 2725 


The Osier Ins nstitute 
Gphthalmology Review Course 


November 8-13, 1990 — San Francisco — 
April 12-17, 1991 — Chicago’ 


Now, your comprehensive review just before written and oral exams 









OBJECTIVES | METHODS 
e Improve basic and clinical knowledge in ophthalmology e HOME STUDY assignments with questions and answers 
$ Assist residents and fellows to study efficiently e SEMINAR with projection-slide lecture and syllabus 
è Prepare candidates to take their board examinations ® PRACTICE EXAMS with oral and written parts 
“The faculty was outstanding. The most pleasant thing was learning a tremendous amount, | “Accommodations were com/fortable...."* 


not only from world-famous authorities but from people who are relatively unknown as well."* 
GOALS: This course for residents and 


i TOPICS FACULTY B KAE an is ae 
A | prehensive review and update heia the 
Fundamentals Ocular Surface Crowell Beard, M.D. week before written and oral exams 
cio Anatomy External Disease Emer, Clin. Prof. of Ophth. | ome study questions will be sent before 


Biochemistry Cornea Univ. of Calif., San Francisco | the course. Your best value is to repeat 


Physiology Conjunctiva Devron Char, M.D. the seminar for half price the week before 
T Professor of Ophthalmology | both written and oral exams. Topics and 





Pharmacology Sclera Univ. of Calif., San Francisco | faculty are upgraded for each course. 
Optics and Refraction Anterior Segment : 
. . Steve Feldon, M.D. "and those little extras..." 
Ophthalmic Optics Anterior Angle Assoc. Professor of Ophth. oe 
a Refractive Errors Glaucoma Univ. of Southern California | LOCATION: The course is held in San 
= Instruments Lens Peter Fries, M.D. Francisco and Chicago as the most con- 


~~ Clinical Refraction Trauma Chiefol Orhit and Pashe venient location for exam candidates. The 
Letterman Army Med. Center course hotel will be the best available 











: ~ Intraocular Orbit and Adnexa combination of excellent study environ- 
- Inflammation Orbit ee ee ment and bargain rates. s 
~~ Ocular Tumors Lacrimal System Letterman Army Med. Center| "remarkably complete and pleasant. 
: Plastic Surge David Guyton, M.D. LOWEST AIR FARES: Please call toll- 
a Posterior Segment , Bery Professor of Ophthalmology | free 1-800-548-8185 ie ee 
- Retina Medical Problems Johns Hopkins University | 
Vitreous rae Lee Hunter. M.D. "I feel [the course] helped me pass..." 
Laser Surgery ndocrinology Chief of Pediatric Oph | E 
; i è + p th. " ; t az 7 * Fi 
Macula Systemic Diseases Letterman Army Med. Center sate ren aap Ta oe ee le 
- Vascular Disease Emergencies Jan McDonnell, M.D. EPO VEE OEA Aa 
A Neuro-ophthalmology Ophthalmic Pathology ‘acs REAA a en “the most education for the money..."* 
Z i Neur oanatomy Adnexa and Orbit ` FEES AND COURSE HOURS: 
-Optic Nerve External Eye John Stanley, M.D, e Physician or Resident: Phy. Res. Hrs. 
Visual Pathways Anterior Segment oF epost Six day course: _ $720 $480 60 
- Pupillomotor System Posterior Segment ai eExtra mock orals day: $150 $150 8 ] 
-= Oculomotor System rr Thomas Stevens, M.D. eR peanng Course wilm 2 Jre: BO 
oe, Other Activities Professor of Ophthalmology | Add 10% within 10 days of the course. = 
Pediatric Eye Pathology Laboratory University of Wisconsin aaa not eee hotel add day, 
me Congenital Disorders Written Exam Rosa Tane. M.D : en sapere odging or meals. 
TE & Disorders Oral Exam Bye e A deposit o Wul reserve your position, <= 
_ Genetic Dis f Clin. Assoc. Prof. of Ophth. ¢ Most home study materials will be mailed = 
i Strabismus Exam Review The UTx Med. Sch., Houston | after half of the registration fee is received. 7 






nennen we BeBaRBTESE Ss MASKS STHEBFTFRSFSTEBTAFTFAHKAKASCTCHEBAREEKSBDEAAKHHBEBARHRHHRSERRKERSH HED MHAKRHR HEE TH 


Limited Enrollment; OPHTHALMOLOGY REVIEW REGISTRATION "home study material was extremely helpful ™ ~. 





REFUNDS: Subject to a $50 fee, refunds oe 


| ' Name 

: : willbe made up until the seminar begins. 

: Address : Cancellation after mailing home study 

: City/State/Zip : material requires retention of half the fee. 
Phone For: [C] Nov. 8-13, 1990 — San Francisco INFORMATION: | 

, TE Cl April 12-17, 1991—Chicagot |  J0seph H- Selliken, Jr, M.D. ` 
: Mail today tœ — C April 26-May 1, 1991 — Bost : S sler Institute 
y to pril 26-May 1, 1991 — Bostont } 1094 Dawn Lane, P.O. Box 2218 

‘4094 Dawn Lane, Dept8 CI Check is enclosed for $ : Terre Haute, IN 47802 

> PO. Box 2218 — [O Please send more information. :; (800) 356-7537 or (812) 299-5658 
| 





Terre Haute, IN 47802- So e Courses. being planned : j * Comments by past Osler participants 


SRS HRHEHRAHSARHEEB HED ene wee ees eae wes b une enae cn een beneees cieneesendinnedeeduasinee ae 


Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: National 800-237-9851; in Florida 800-553-8288; Local 813-443-7666. Please do 
not send classified ads, payments or related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER" advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified 1 Time 3 Times 
or more” 
Cost per word $ .95 $ .85 


Minimum 20 words. 


"In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


per issue 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: i.e., 
“New York” and “Salt Lake City.” Zip code is 
considered one word and must appear in all 
ads. Telephone number with area. code is 
considered one word. When box numbers are 
used for replies, the words “Box _______, c/o 
AOP” are to be counted as three words. 


Classified Display 1Time 3Times 
Full page $630 $580 
Two-thirds page 539 496 
One-half page 476 438 
One-third page 378 348 
One-sixth page 252 232 
Column inch 55 50 


Minimum display ad: one column inch 
12-time rate available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $10.00 for the 
first issue only. Responses to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 


Ophthalmology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 
For assistance with your ad schedule call toll free: 


National 800-237-9851 
Florida 800-553-8288 O Local 813-443-7666 





Professional Opportunities 


MEDICAL OPHTHALMOLOGIST — Excellent 


opportunity to join a busy ophthalmology practice 
in San Antonio, Texas. Interested individuals should 
forward CV to: Box #613, c/o AOP. 


OPHTHALMOLOGIST to lease office space in 25- 
year established eye center as independent practi- 
tioner. Established ophthalmologists now present 
for providing overflow, emergencies, walk-ins, etc. 
Experienced personnel available to facilitate start- 
up problems and remain if wanted. Occupancy flex- 
ible between June 1, 1990 and January 1, 1991, 
depending on mutual interests. An opportunity to 
establish your own practice in an established office 
with knowledgeable help and minimal outlay! 
Southern California. Box #614, c/o AOP. 


OPHTHALMOLOGIST — MINNESOTA: Well 
rounded ophthalmologist needed in center of 
northern Minnesota lake country. High pathology, 
very active surgical practice. Well staffed. Located in 
smaller community with four year university. Box 
#617, c/o AOP. 


HOUSTON SUBURBS — BC general surgeon 
needed to staff forty patient/day office. Our group 
has multiple locations and specialists in retina, 
cornea, pediatrics, and cataracts. Would prefer an 
oculoplastic doctor to do general ophthalmology 
while receiving plastics referrals from all offices. 
Relocation allowance. Growth opportunity. Call: 
Executive Director (713) 446-8978. 





Professional Opportunities 


OPHTHALMOLOGIST: 80 plus physician pres- 
tigious multi-specialty group seeks BC/BE general 
ophthalmologist to establish department. Excep- 
tional opportunity and compensation. Contact: Tom 
Regan, P.O. Box 1818, Bismarck, ND 58502. (701) 
255-5821. 


EXCELLENT OPPORTUNITY to join two busy oph- 
thalmologists in upper Great Lakes area. Modern, 
attractive ophthalmologist-owned clinic building with 
state-of-the-art equipment and optical dispensary 
with registered optician. Winning combination of 
long established, reputable clinic with superbly 
trained staff; good surgical, medical volume and 
profit. JCAHO approved hospital with modern out- 
patient department and staff of 37, most of whom 
are specialists. Beautiful area in which to live, with 
good recreational and educational opportunities. 
Negotiated salary and benefits. Full partnership 
option if mutually agreeable. Please reply to: Box 
#624, c/o AOP. 








RETINA — FLORIDA: Private practice retina group 
seeks additional associate with medical/surgical 
RV experience. Outstanding opportunity with 
modern facilities. Lovely sunbelt city near beaches. 
Resume to: Box #626, c/o AOP. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ———— , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


Northwest Permanente PC. 
Physicians and Surgeons 


OREGON 


Seeking board-certified or -eligible ophthalmologist to 
join large multi-specialty Kaiser Permanente group in 
Portland, Oregon. Currently eight ophthalmologists on 


staff; two specializing in cornea and retina. Will consider 
general ophthalmologist but have interest in candidates 
with combination of general ophthalmology/glaucoma 
and/or plastics. Competitive salary and comprehensive 
benefit package, including generous pension program, 
sabbatical leave and professional liability coverage. 


Forward inquiry and CV to: 
Fred M. Nomura, MD 
Regional Medical Director 
NORTHWEST PERMANENTE, P.C. 
3600 North Interstate Avenue 
Portland, Oregon 97227 








Professional Opportunities 


OPHTHALMOLOGIST — Large, multi-speciaity 
group seeks an ophthalmologist for general oph- 
thalmology practice with focus on medical/surgical 
aspect. BC/BE. Excellent opportunity in established 
group practice located in Minneapolis/St. Paul 
area. Excellent working conditions with premium 
benefits and salary. Contact: Nancy Borgstrom, 
Aspen Medical Group, 1020 Bandana Boulevard 
West, St. Paul, MN 55108. (612) 641-7185. 


PEDIATRIC OPHTHALMOLOGIST 
The Children’s Hospital & Medical Center and 
the University of Washington are seeking a full- 
time pediatric ophthalmologist to join an already 
established full service pediatric ophthalmol- 
ogy program. Academic rank, salary and bene- 
fits are commensurate with training and expe- 
rience. Candidates must be graduates of an 
accredited ophthalmology residency and have 
completed at least one year of an accredited 
pediatric ophthalmology and strabismus fel- 
lowship. Opportunities include patient care, 
teaching of residents and medical students, and 
research. Send curriculum vitae to: 


Daniel J. Karr, MD 
Chief, Pediatric Ophthalmology 
Children’s Hospital & Medical Center 
4800 Sand Point Way NE 
Seattle, WA 98105 
Children's Hospital and Medical Center is an equal 
opportunity/affirmative action employer. 





PEDIATRIC OPHTHALMOLOGIST, genera! oph- 
thalmologist — Minneapolis/St. Paul: Two BC/BE 
physicians to join staff of nine ophthalmologists in 
one of the oldest pre-paid, multi-specialty group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 
sician Services, Group Health, Inc., 2829 University 
Avenue Southeast, Minneapolis, MN 55414. 






Requirement: 
1-2 years in an approved 
pediatric fellowship 








Professional Opportunities 


VITREO-RETINAL SPECIALIST: Busy solo vitreo- 
retinal medical/surgical practice in Alaska’s largest 
city seeks a fellowship-trained associate. Excel- 
lently equipped hospital. Shared laser, ultrasound, 
fluorescein if desired. Adjoining, partially equipped 
office space available. Send CV to: Thomas J. 
Harrison, MD, 3500 LaTouche, Suite 250, Anchor- 
age, AK 99508. 


NEW YORK MID-HUDSON VALLEY: Solo oph- 
thalmologist seeking personable, ethical, board- 
certified or board- eligible general ophthalmologist. 
Newly designed free-standing office uniquely suited 
for an additional ophthalmologist. Send CV with 
references to: Ronald B. Hanovice, MD, 84 Hurley 
Avenue, Kingston, NY 12401. 





OPHTHALMOLOGIST WANTED: Thousand Islands, 
St. Lawrence Seaway, Northern New York commu- 
nity hospital is offering a lucrative private practice 
opportunity. Abundant recreational opportunities in 
the area include sailing, skiing, fishing, camping, 
etc. The community has access to many cultural 
activities in Ottawa (one hour away) and Montreal 
(two hours). There are five colleges nearby and an 
excellent local school system. The hospital has 
modern medical equipment and services which 
include: laser, MRI, CT scan, ultrasound, angio- 
graphy, dialysis, full anesthesia department, etc. 
Compensation package includes a generous income 
guarantee, free office rent, relocation expenses and 
practice management assistance. (For Canadian 
medical school graduates - the hospital will assist 
with immigration). For further information: Ms. 
Corinne Owens, Owens and Associates, 1210 Mar- 
ina Village Parkway, Suite 101, Alameda, CA 94501. 
(800) 955-1544. 


GENERAL OPHTHALMOLOGIST — Prestigious, 
well-established ophthalmology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medi- 
cal retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Box #629, c/o AOP. 


Pediatric 
Ophthalmologist 


being recruited for affiliation with 


=A umana Hospital-Lexington 
Center for Advanced Eye Surgery 


Lexington, Kentucky 


offers outstanding opportunity to establish private practice in association with 
tertiary care group in an established setting 


Contact Bruce Koffler, MD at 120 N. Eagle Creek Dr., Ste. 431, Lexington, KY 40509 


or at (606) 263-4631 





Professional Opportunities 


VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. Ideal area for family living with year 
round recreation and excellent school systems. Box 
#623, c/o AOP. 


GLAUCOMA SPECIALIST and vitreo-retinal 
specialist — Ophthalmology group practice in 
Wilmington, Delaware, 30 minutes from Philadel- 
phia, seeks fellowship-trained glaucoma specialist, 
and vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 
ophthalmology. Good referral base. Modern, well 
equipped office with friendly cohesive staff. Family 
oriented community. Excellent salary leading to 
partnership. Call: Mary Ann O'Flynn at (302) 652- 
3353. Or send curriculum vitae to: Eye Physicians 
and Surgeons, P.A. at 1207 North Scott Street, Wil- 
mington, DE 19806. 


MEDICAL RETINA — High volume vitreo-retinal 
practice in southeast desires associate with medical 
retina interest. Must be fellowship trained and board- 
certified. Reply: Box #628, c/o AOP. 


MAINE — Exceptional opportunity for BC/BE oph- 
thalmologist to join established ophthalmology 
practice in beautiful northern New England. Referral 
base 400,000 with 120,000 in immediate area. Wide 
ranging cultural, academic and recreational oppor- 
tunities. Modern, well equipped office adjoining 
growing medical center with extensive diagnostic 
and laboratory services. Association with opportu- 
nity for partnership. Send CV to: Jean H. Tibbetts, 
MD, Suite 230, 417 State Street, Bangor, ME 04401. 











Positions Wanted 





OPHTHALMOLOGIST: Board-certified. 39 top train- 


ing. Wide experience in medical/surgical ophthal- 
mology, laser treatment. Wishing to relocate to pur- 


chase, work for or join practice in Manhattan or 


areas nearby. Send inquiries: Box #622, c/o AOP. 











Salary Guarantee 
Strong Referral Base provided 








Fellowships 

FELLOWSHIP — OCULAR TRAUMA. The Helen 
Keller Eye Research Foundation and the Combined 
Program in Ophthalmology are accepting applica- 
tions for a one-year fellowship in ocular trauma at 
the Eye Foundation Hospital/University of Alabama 
at Birmingham. Extensive experience in emer- 
gency room evaluation and treatment, anterior and 
posterior segment reconstructive surgery, ultra- 
sound and electrophysiology, trauma epidemiol- 
ogy and oculoplastic/orbital trauma surgery. One 
year formal vitreoretinal fellowship required as a 
prerequisite. Please send complete CV to: Helen 
Keller Eye Research Foundation, 700 18th Street 
South, Suite 605, Birmingham, AL 35233. 





CORNEA FELLOWSHIP — Fellowship in cornea 
and external disease for thirteen months providing 
significant medical and surgical training. Surgical 
experience will include corneal transplantation, 
intraocular lens exchange, keratomileusis, lamellar 
keratoplasty procedures, hydrogel inlays, and kera- 
toprosthesis. Involvement in current and new 
research activities is encouraged. Interested appli- 
cants contact: Francis W. Price, Jr., MD, or William 
E. Whitson, MD, Corneal Consultants of Indiana, 
9002 North Meridian Street, Suite 100, Indianapolis, 
IN 46260. 


Practices Available 


PRACTICE FOR SALE: Oregon — Well established, 
solo, general ophthalmology practice for sale. Small 
rural college town location. Two fully equipped 
exam lanes, argon laser, humphrey field analyzer, 
fundus camera, Goldman perimeter, state-of-the-art 
equipment. Will stay to introduce. Reply: Box #618, 
c/o AOP. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , C/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








Practices Available 
PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professional 
help in buying or selling. National Medical Alliance, 


Inc., 8136 Old Keene Mill Road, Suite 208B, Spring- 
field, VA 22150. (703) 866-5908 or (800) 331-1986. 








Faculty Positions 


FACULTY POSITIONS AVAILABLE 


The Department of Ophthalmology at the Univer- 

sity of Kentucky invites applications for faculty 

positions in General Ophthalmology and Vitreo- 

Retina. Academic rank, title and salary based 

upon qualifications. Send CV and inquiries to: 
Robert S. Baker, MD 


Chairman 
Department of Ophthalmology 
UNIVERSITY OF KENTUCKY 
MEDICAL CENTER 
800 Rose Street 
Lexington, KY 40536-0084 
An equal opportunity/affirmative action employer. 





THE WILMER EYE INSTITUTE 


The Johns Hopkins University School of Medicine 
is now accepting applications for a position in 
uveitis. Persons with an interest in teaching, 
research, and/or clinical care in uveitis/clinical 
immunology are invited to apply. Academic rank 
and compensation are dependent upon prior expe- 
rience. A detailed curriculum vitae, including a list 
of publications and three (3) letters of recommen- 
dations should be addressed to: 
Douglas A. Jabs, MD 
Associate Professor of Ophthalmology 
and Medicine 


THE WILMER EYE INSTITUTE 
550 North Broadway, Suite 700 
Baltimore, MD 21205 


The Johns Hopkins University is an 
equal opportunity/affirmative action employer. 





THE PERMANENTE MEDICAL GROUP 


NORTHERN CALIFORNIA 


The Permanente Medical Group, the largest multi- 


QUALITY 


specialty group practice in the U.S., is undergoing 


explosive growth in its Northern California region: the 
San Francisco Bay Area, Sacramento and the Central 


STABILITY 


Valley. Our rapid increase in membership has created 


practice opportunities throughout the region for 
additional BC/BE Ophthalmologists. 


LEADERSHIP 


Our physician-managed group is part of the compre- 


hensive Kaiser Permanente Medical Care Program. As a 


TPMG physician, you have access to the latest medical 
technology and resources, the support of colleagues 
in all subspecialties — and the opportunity to provide 
excellent health care without the burdens of managing 
a practice. 


GROWTH 


SUPPORT 


TPMG offers many benefits: scheduled time off with 


cross-coverage provided by your colleagues, malprac- 
tice insurance, a substantial retirement program and 


REWARDS 


special arrangements for physicians transferring from 


established practice. Please call or send CV to: 

The Permanente Medical Group, Inc., Richmond 
Prescott, M.D., Physician Recruitment Services, Dept. 
AO-7180, 1814 Franklin, 4th Floor, Oakland, CA 94612. 
(800) 777-4912. EOE 








2s Available 


PEDIATRIC OPHTHALMOLOGIST 


Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 


children's hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 


Position available immediately or will discuss 
starting date. Contact: David J. Schanzlin, MD, 
Chairman, Department of Ophthalmology, St. 
Louis University School of Medicine, Bethesda 
Eye Institute, 3655 Vista, St. Louis, MO 63110. 


WANTED: ORTHOPTIST for full-time position at 
University of Texas Medical Branch at Galveston 
(UTMB). Practice with full-time faculty pediatric 
ophthalmologist. Opportunity for stimulating teach- 
ing and research. Competitive salary and good 
fringe benefits. Galveston Beach resort has excel- 
lent climate for year-round outdoor activities. UTMB 
is an equal opportunity M/F/H/V affirmative 
employer. UTMB hires only individuals authorized 
to work in the United States. Contact: Mary Ann 
Lavery, MD, Pediatric Ophthalmoloigst: (409) 761- 
3638 days; or (409) 744-8707 evenings. Send resume 
to: Department of Ophthalmology, Route G-87, 
UTMB, Galveston, TX 77550. 


NEURO-OPHTHALMOLOGY 


Michigan State University is conducting a 
search for a second neuro-ophthalmologist 
(Assistant Professor, full-time/full-year, tem- 
porary). Research experience, a strong interest 
in teaching and documented expertise in patient 
care is essential. The candidate must be BE/BC 
in ophthalmology or neurology with formal 
neuro-ophthalmology fellowship training. 
Salary will be commensurate with experience. 
Send CV or contact: 


David |. Kaufman, D.O. 
B309 W. Fee Hall 
Michigan State University 
East Lansing, MI 48824 
(517) 353-3211 


MSU is an affirmative action/equal opportunity institution. 


OCULOPLASTIC/ 
GENERAL 
OPHTHALMOLOGIST 


Ophthalmologist with fellowship training in Orbital 
and Oculoplastic Surgery to work at least 50% in 
subspecialty area. Gundersen Clinic is a 250-physi- 
cian, multi-specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current depart- 
ment has seven Ophthalmologists, twelve certi- 
fied technicians, YAG laser, Argon-Krypton laser, 
A&B scan, auto perimeter, etc. Applicant will do 
general ophthalmology including cataract surgery 
as well. 


Gundersen Clinic is located on the Mississippi River 
in La Crosse, WI, a metropolitan area of 100,000 
people. Beautiful setting with many cultural and 
recreational opportunities available. Excellent school 
system. University of Wisconsin-La Crosse, a pri- 
vate, 4-year college and a technical college also 
located in the community. Excellent working con- 
ditions, competitive salary and excellent pension 
program. No investment required. 


Send C.V. to: Philip J. Dahlberg, M.D., Chairman, 
Personnel Committee, or CALL COLLECT to Tim 
Skinner, M.S.Ed., Manager, Physician Recruitment, 
at 1-608-782-7300, ext. 3684. 


Gundersen Clinic, Ltd. 

1836 South Avenue 

Dept. S-7 

La Crosse, Wisconsin 54601 


An Equal Opportunity Employer 





Retina Faculty Position 


The Department of Ophthalmology at the Indiana University School 
of Medicine is now accepting applications for a full-time 
medical/surgical academic position in the Retina and Vitreous 
Diseases Section at the level of assistant professor. 


Requisites include demonstrable research interests and commitment 
to resident education, eligibility for medical licensure in Indiana 
and board-certification or -eligibility. Individuals should have 
completed sub-specialty fellowship training from a fully 
accredited institution. 


Indiana University is an equal opportunity and affirmative action 
employer. The Indiana University Medical Center Depart- 
ment of Ophthalmology includes eighteen residents, V.A., 
County, and university hospitals. 


Send CV and minimum of six (6) letters of reference to: 


Robert D. Yee, MD 
c/o Sandra Eads 
Indiana University School of Medicine 


Department of Ophthalmology 
702 Rotary Circle #337 
Indianapolis, Indiana 46202 





AMERICAN DIOPTER & DECIBLE SOCIETY 


Bi-annual Meeting 


Announcement and Call for Abstracts 
Contemporary Topics in 
Ophthalmology and Otolaryngology 
at the 
HILTON INTERNATIONAL BARBADOS 
Barbados, West Indies 


JANUARY 19 - 26, 1991 
Registration Fees: $375 Members $450 Non-members 
One page abstracts should be sent by September 1, 1990 to: 


Ophthalmology 


Otolaryngology 





Jonas T. Johnson, MD or 

Donald B. Kamerer, MD 
Department of Otolaryngology 
Eye & Ear Institute of Pittsburgh 
203 Lothrop Street, Suite 500 
Pittsburgh, PA 15213 


Albert W. Biglan, MD 
3518 Fifth Avenue 
Pittsburgh, PA 15213 





For additional information, contact: 


Robin L. Wagner, Administrative Coordinator 
(412) 647-2227 or FAX (4.12) 647-7964. 





Miscellaneous 


ESN ene cee RRS UC i eh Sa 
GLAUCOMA RESEARCH GRANTS — Apx 
are welcome by the National Glaucoma f 
program of the American Health Assistan 
dation from investigators for research pr 
find the cause and treatment for glaucon 
mum of $25,000 is available for one year. F 
for second year are based upon progress a 
available. Application deadline: November 
American Health Assistance Foundation, F 
Grants Manager, 15825 Shady Grove Roi 
140, Rockville, MD 20850. (301) 948-3244. 


MEDICAL ASSIST’E 


Write for brochure. 
Hamilton Whitney Corpora 

23123 State Road 7 
Boca Raton, FL 33428 


“Hamilton Whitney Corporation 








Medical Equipment/ Supp 


DOCTORS: Don't throw your equipment ai 
pay top dollar for your equipment. We b 
service optical equipment. Write or call yor 
inventory to: Belrose Refracting Equipmer 
pany, 3734 Oakton Street, Skokie, IL 6007 
(708) 675-2300. Established 1953. 


DOCTORS IN YOUR SPECIALTY are | 
market for used/serviceable equipment tha 
surplus to your needs. Advertise this equi; 
an AMA specialty journal and reach your 
Call our “Classified Advertising” office : 
National (800) 237-9851; in Florida (800) 5! 


PLEASE NOTE—Address replies to box n 
ads as follows: Box number, ______,, c% 
P.O. Box 1510, Clearwater, FL 34617. 


Reach 
20,666 
Ophthalmologis 


If you are 
searching for 
a qualified specialist. 


We Target 
The Physician 
You Want! 


The October issue of 
the Archives of 
Ophthalmology 

closes August 25th. 


Call us today 
to reserve your space. 


National 800-237-9851 
Florida 800-553-8288 
Local 813-443-7666 
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When it comes to corne: 

health for severe dry ey 
patients, Celluvisc® 
doesn't compromise. 





ği — o VAN Celluvisc® Lubricant Ophthalmic Solution is 
EA NATÓ j i S | ar an advanced lubricant ophthalmic solution that hel 

XI. 50R730 MN., s e e s maintain corneal health and provides sustained 
a U o Le comfort without compromising cell morphology, cel 
viability or epithelial barrier function (in vitro data. 
clinical significance unknown).' 

Celluvisc Solution was shown to maintain cel 
viability in vitro for up to five hours.' A nutritional 
formulation containing a lactated Ringer's solution 
vehicle supplements the tears' natural electrolyte 
balance. 

In addition. this formulation contains the 
active ingredient carboxymethylcellulose (CMC) 19 
which. like naturally occ urring mucin tn the tear fil 
is negatively c charged. This negative charge and 
as Celluvisc Solution's high mole ular we ‘ight may 
TEARS NATURALE” aia aoe i promote adherence to epithelial tissue and prolong 
X1.50K/30 MIN. ~~ a residence time. 

And, Celluvise Solution is preservative-free, 
thus eliminating the iatrogenic effects preservatives 
can cause severe dry eye patients. In fact, aqueous 
deficient patients may ‘be predisposed to surface 
toxicity. Due to a lac k of tears. prese rvatives may 
not be well-diluted and may remain on the corneal 
epithelium longer than in the normal eye 

So for your severe dry eye patients, recomme 
Celluvise Lubricant Ophthalmic Solution. Safe, 
comfortable, effective relief for severe dry eye 
associated with ocular surface disease. 

Without compromise. 


HYPOTEARS® 


),X1.00K/30 MIN. ASA e TA CEI A l j \ ISC* 


(carboxymethylcellulose sodium) 1% j=" 
ie icant Ophthalmic Solution = 


1. Adams JL, Wilcox MJ, Trousdale MD et al. Morphological and 
physiological effects of artificial tear formulations on corneal 
epithelial derived cells. Invest Ophthalmol Visual Sci 1989;30 
(Suppl 3):523. 


Tears Naturale® and HypoTears® are registered ae: 





trademarks of other companies. 


i © ALLERGAN PHARMACEUTICALS Allergan Pharmaceuticals A Division of Allergan. Inc. Irvine, CA 92713 ©1990 Allergan, | 
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A Randomized Trial of parami, an Aldose Reductase Inhibitor, in Diabetic Retinopathy 
Sorbinil Retinopathy Trial Research ae 


The Use of the Markov Process in Describing the Natural Course of Diabetic Retinopathy 
S. K. Garg, G. Marshall, H. P. Chase, W. E. Jackson, = ~ 
P. Archer, M. J. Crews 


- Efficacy of Prism Adaptation in the a Sugen MOTI of Acquired Esotropia i 
l Prism Adaptation Study Research Group 


Excessive Loss of Hyperopia Be J. E. Egbert, B. J. Kushner 





Topical Timolol Decreases Plasma High-Density Li protein Cholesterol Level 
A. L. Coleman, D. L. C. Diehl, H. D. Jampel, P.S. Bachorik, H. A. Quigley 


Cardiovascular and Intraocular Pressure Effects and Plasma Concentrations of é' 
Apraclonidine A. L. Coleman, A. L. Robin, I. P. Pollack, M. T. Rudikoff, 





a, C. Enger, P. R. Mayer 
- Accuracy of Diagnosis of Choroidal Melanomas in the Collaborative Ocular Melanoma 
= Study | The Collaborative Ocular Melanoma Study Group 


Host Factors, UV Radiation, and Risk of Uveal Melanoma =d. M. Seddon, E. S. Gragoudas, 
R. J. Glynn, K. M. Egan, D.M. Albert, P. H. Blitzer 


Management of Traumatic Hemorrhagic Retinal Detachment With Pars Plana Vitrectomy 
D. P. Han, W. F. Mieler, D. M. Schwartz, G. W. Abrams 


Iris Melanoma Seeding Through a Trabeculectomy Site H. E. Grossniklaus, R. H. Brown, 
R. D. Stulting, R. D. Blasberg 


The Utility of Routirë Screening of Patients With Uveitis for Systemic Lupus Erythematosus 
or Tuberculosis J. T. Rosenbaum, R. Wernick 


a Prevention of Retinal Vessel iioo Associated With Diabetic Retinopathy in — 
7 Galactose-Fed Dogs by Aldose Reductase Inhibitors P. F. Kador, Y. Akagi, Y. Takahashi, 
e" H. Ikebe, M. Wyman, J. H. Kinoshita 


Refractive Predictability of Myopic Hydrogel Intracorneal Lenses in Nonhuman Primate 
Eyes B. E. McCarey, B. R. Storie, G. van Rij, P. M. Knight 


Immunofluorescence Study of Corneal Wound Healing After Excimer Laser Anterior 
Keratectomy in the Monkey Eye D. S. Malley, R. F. Steinert, r,s Puliafito, E. T. Dobi 


Ascorbic Acid Is Cytotoxic to Dividing Human Tenon’s Capsule Fibroblasts _ R H. D. Jampel 
A Model for the Mechanism of Optic Nerve Sheath Fenestration S-R. Seiff, L. Shah 
Multiple Endocrine Neoplasia E. Wortham V, C.-X. Nguyen 


Management of Lower-Lid Retraction With Hard-Palate Mucosa Grafting R. C. Kersten, 
D. R. Kulwin, S. Levartovsky, H. Tiradellis, D. T. Tse -~ à As 


Complete Contents, p 1193. 





VISCOAT viscoelastic 
solution minimizes the 
incidence of viscoelastic 
escape during extraction 
irrigation, aspiration, or 
manipulation 


) 





Unsurpassed endothelial protection 
If your viscoelastic is easily removed at the end of y 
procedure, then chances are it is easily removed dw 
procedure, just when you need it most. A viscoelasti 
offer protection if it’s not in the eye. VISCOAT is desi 
resist displacement throughout the entire ECCE proc 
providing you with unsurpassed endothelial protecti 


More than space maintenance 

Because VISCOAT has the ability to resist displaceme 
far beyond merely maintaining space. VISCOAT can 
as a tool during ECCE surgery. It has been shown to 
excellent adjunct in facilitating capsulorhexis capsulc 
acts as a capsular bandage in the event of a capsular 
*Glasser DB, Katz HR, Boyd JE, et al. Protective effects of viscous solution 


in phacoemulsification and traumatic lens implantation. Arch Ophthalmol 
107:1047-1051. 





ess need to refill the anterior chamber 


ecause VISCOAT remains on the corneal endothelium 
roughout the procedure, there is less need to refill the 

terior chamber prior to IOL implantation to reestablish 
idothelial protection. This results in less viscoelastic used and 
ss viscoelastic to be removed at the end of the procedure. 


Alcon Surgical, Inc., 6201 South Freeway, 
Fort Worth, TX 76134 

© Copyright, Alcon Surgical, Inc., 1990 
T: ; wm havan oii peier i i VIS 003 

> find out how you can have a great extraction without a 

‘eat escape, contact your Alcon Surgical Territory Manager or 


ill 1-800-TO ALCON (1-800-862-5266). 


VISCOAT 


(chondroitin sulfate-sodium hyaluronate) 


Viscoelastic Solution verte 


Please see next page for summary of 
VISCOAT product information. 
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Alcon 


SURGICAL 


Innovation 
Without 


Compromise 





VISCOAT’ 


(sodium chondroitin sulfate-sodium hyaluronate) 


VISCOELASTIC SOLUTION 


Summary of Product Information 


INDICATIONS: VISCOAT® is indicated for use 
as a surgical aid in anterior segment procedures 
including cataract extraction and intraocular lens 
implantation. VISCOAT® maintains a deep cham- 
ber during anterior segment surgeries, enhances 
visualization during the surgical procedure, and 
protects the corneal endothelium and other ocular 
tissues. The viscoelasticity of the solution maintains 
the normal position of the vitreous face, thus pre- 
venting formation of a postoperative flat chamber. 


CONTRAINDICATIONS: At the present time, 
there are no known contraindications to the use 
of VISCOAT® when used as recommended. 


PRECAUTIONS: Precautions are limited to 
those normally associated with the surgical pro- 
cedure being performed. Although sodium 
hyaluronate and sodium chondroitin sulfate are 
highly purified biological polymers, the physician 
should be aware of the potential allergic risks 
inherent in the use of any biological material. 


ADVERSE REACTIONS: VISCOAT® visco- 
elastic solution has been extremely well tolerated 
in human and animal studies. A transient rise 
in intraocular pressure may be expected due to 
the presence of sodium hyaluronate, which has 
been shown to effect such a rise (9.8%>25 mmHg 
during 1-3 days after surgery in human clinical 
trials). 


HOW SUPPLIED: VISCOAT® is a sterile, non- 
pyrogenic, 0.50 ml, viscoelastic preparation sup- 
plied in a disposable syringe (encased in a plastic 
sheath with a threaded luer tip). A sterile 27- 
gauge, disposable blunt-tip cannula is provided 
separately. 


FOR INTRAOCULAR USE. 

Both VISCOAT® and cannula are for single 
use only. 

Store Between 2°-8°C(36°-46°F). Do Not Freeze. 


CAUTION: Federal law restricts this device to 
sale by, or on the order of, a licensed physician. 


Alcon Surgical, Inc. 
Fort Worth, Texas 76134 


Revised February 1989 


Alcon 
SURGICAL 


Alcon Shel ee Inc., 6201 South Freeway, 
Fort Worth, TX 76134, 1-800-654-6243 
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FIRST, 
YOU CAN'T 
SWALLOW. 


THEN 
YOU CAN'T 


SPEAK. 


FINALLY, 
YOU CAN'T 
BREATHE. 


You have ALS — “Lou Gehrig’s 
disease.” 

Gradually, you'll become unable 
to walk or use your hands. You'll find 
yourself drooling. Your reflexes will 
disappear. 

Your mind, however, will remain 
completely clear, leaving you a 
frustrated prisoner in a body you 
can’t control. 

ALS is a fatal neuromuscular 
disorder that attacks adults in the 
prime of life. Right now, no cure is 
known. But the Muscular Dystrophy 
Association has launched an all-out 
assault against this dread disease. 

MDA has developed the world’s 
largest integrated ALS research and 
patient services program. The Asso- 
ciation has established five major ALS 
research centers and maintains some 
230 clinics to help people with ALS 
and other neuromuscular disorders. 
And MDA is the only voluntary 
health agency that provides patients 
with a wide range of medical care 
and equipment free of charge. 

You can help MDA fight ALS and 
dozens of other neuromuscular disor- 
ders by making a tax-deductible dona- 
tion to the Association. You can even 
specify that your check is to be used 
exclusively to bene- , 
fit ALS patients. 

There are 
20,000 ALS pa- 
tients in America 
who can't write 
checks or even 
read this ad out 
loud. Please send l 
your contribution Lou Gehrig 
to MDA today. Yankee’s Hall-of-Famer 


NMDA ®) 


Muscular Dystrophy Association 
Jerry Lewis, National Chairman 








To make a donation or bequest to MDA, or for 
more information on MDA and ALS, write to: 
Muscular Dystrophy Association, 

810 Seventh Avenue, New York, NY 10019. 
Or contact your local MDA office. 





It could change 
your mind 
about video 
angiography. 


For answers that could 
make a practical difference 
in your practice, call 
ImageQuest at 800 
526-3386. We’ll send you 
literature about the second 
generation image analysis 
system that’s changing 
ophthalmologists’ views of 


electronic angiography. 


The first practical digital 


angiography system. 


ImageQuest 


14601 South Bascom Avenue, Suite 220 





See us at the Academy meeting 


Tak- the IQ tect. 

(1) 
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Who has easy-to-use Hypercard® to link patient data and images? (IQ) 


© 


Make Binary Smooth 


Who offers the first practical computerized angiography system? 
Which digital imaging system gives you more for your money? 


Which digital imaging system reduces training time and repeat 
visits with an easy-to-use, easy-to-maintain Macintosh® computer? 


Who gives you the resolution, image analysis and 
enhancement needed for better diagnostic capability? 


How can you perform angiography with lower light levels 
and less fluorescein? 


Who protects your investment with a sensible upgrade path? 


Who gives you high resolution hard copies in 
40 seconds at less than 25 cents each? 
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Binary > 
Outline Apply LUT L 
Skeletonize Enhance Contrast 
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Analyze Particles 
Show Results... 
Show Histogram 
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Video Image Analysis Systems for Medicine. 


Los Gatos, CA 95032 408 358-0080 800 526-3386 Fax 408 356-8268 


Macintosh” and Hypercard™ are registered trademarks of Apple Computer, Inc. 
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Volk QuadrAspheri 





The Volk QuadrAspheric 
Fundus Lens® utilizes a 
new concept in diagnostic/ 
therapeutic contact lens 
design, with FOUR 
aspheric surfaces for 
superior fundus viewing! 


Each surface has an exact 
aspheric curvature providing 
overall performance far 
exceeding that of diagnostic 
contact lenses of similar 
design. 


e Superb resolution. 

e Super wide 130° field of 
view. 

e Aspheric corneal contacting 
surface for superior fit. 

e High efficiency multi AR 
coating. 

e All these outstanding 
optical and performance 
features in a light weight, 
compact, and comfortable 
design. 


Patent Pending 


NOM 


The Leader in Aspheric Optics 


7893 Enterprise Drive, Mentor, Ohio 44060 
Phone: (216) 942-6161 
Fax: (216) 942-2257 


Fundus Lens 





Volk Double Aspheric 
Optics for superb 
resolution. 









Image Plane —- 


Aspheric anterior surface Aspheric corneal contacting 
correcting optical surface facilitating 
abberations. movement of lens. 












ractice jere nasi the publication of 
original contributions and observations. 


. EDITORIAL BOARD 


o Morton F. Goldberg, MD, Editor 
<.. Walter J. Stark, MD, Associate Editor 
“Andrew: P, Schachat, MD, Assistant Editor 
nne Meltzer, BA, Administrative Assistant 
ilmer institute, The Johns Hopkins Hospital 
orth Wolfe Street, Baltimore, MD 21205. 
“Phone: (301) 955-1358 
aniel M. Albert, MD, Boston, Mass 
. - Book Reviews 
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hard L. Anderson, MD, Salt Lake City, Utah 
a ‘Perry S. Binder, MD, La Jolla, Calif 
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Stuart L. Fine, MD, Baltimore, Md 
Gerald A. Fishman, MD, Chicago, HH 
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Clinicopathologic Reports 
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Questions and Answers 


~~ All articles published, including editorials, letters, and 
book reviews, represent the opinions of the authors 
<: ‘and do not reflect the official policy of the American 
=: Medical Association, the Editorial Board, or the institu- 
~~ tion with which the author is affiliated, unless this is 
Clearly specified. 
SUBSCRIPTION RATES —The subscription rates for 
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Simplified Technique for Suturing Dislocated Posterior Chamber 
intraocular Lens to the Cillary Sulcus 


Rajiv Anand, MD, FRCS, R. Wayne Bowman, MD, Dallas, Tex 
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The Lucky Ones 


These children have cheated death. 
Not long ago, each of them passed through 
the ordeal of cancer. Modern therapies 
administered to them at St. Jude Chil- 
dren's Research Hospital saved their lives. 

And thousands of other children live 
today because of the love and dedication 
of St. Jude's researchers, doctors and 
nurses. 

But there was something else that 
saved these precious kids. They were 
rescued by the many Americans who 
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cared enough about the suffering of chil- 
dren to support a hospital devoted en- 
tirely to helping children with catastrophic 
diseases. 

St. Jude depends upon donations from 
concerned people like you to continue its 
work. 

For more information on how you can 
help, write to St. Jude, P.O. Box 3704, 
Memphis, TN 38103, or call 1-800-877- 
5833. 

Give the children a chance to live! 
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Correspondence 


Simplified Technique for Suturing Dislocated Posterior 
Chamber Intraocular Lens to the Ciliary Sulcus 


To the Editor.—We read with interest the report in the 
November 1989 issue of the ARCHIVES by Dr Smiddy’ on 
internal suturing technique for dislocated posterior chamber 
intraocular lenses (IOLs). We believe that Dr Smiddy has 
introduced an exciting and innovative technique for this 
unique management problem. We would like to suggest a 
modification of this technique and describe its use in a patient. 
We believe that this modified technique effectively reduces 
the intraocular manipulation and simplifies the procedures. 


Report of a Case.—A 40-year-old black man underwent an extra- 
capsular extraction for traumatic cataract. Phacoemulsification used 
to remove the nucleus was uneventful; however, during removal of 
the lens cortex a central gap was noted in the posterior capsule. The 
surgeon considered the capsular support to be adequate and a “J”- 
loop posterior chamber IOL was inserted after the injection of sodium 
hyaluronate. The iris was retracted to confirm ciliary sulcus place- 
ment of the haptics at 12- and 6-o’clock positions. On the first postop- 
erative day, the IOL was found to be totally dislocated and resting on 
the inferior pars plana and peripheral retina. The IOL was immobile 
with the patient in the supine and prone positions, and thus it was 
elected not to reposition the IOL. Ten days later, the patient com- 
plained of a large floater moving in the eye, and, at that time, the 
upper haptic of the IOL could be seen hooked over the inferior iris 
(Fig 1). The IOL was mobile with the optic floating in the midvit- 
reous. A pars plana vitrectomy with repositioning of the IOL was 
then performed. 


Technique.—After a 360° limbal peritomy, a small (5 x 5- 
mm) rectangular flap of half-thickness sclera was raised at the 
12-0’clock and 6-o’clock positions using blunt dissection. A 


Fig 1.—Preoperative photograph showing completely dislocated in- 
traocular lens with free-floating optic and one of the haptics hooked 
over the inferior iris. 
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three-port pars plana vitrectomy was carried out and the 
dislocated IOL was freed completely from any adherent vitre- 
ous. A standard hypodermic 23-gauge needle was threaded 
with a loop of 9-0 polypropylene (Prolene) suture, and this 
was used to make astab incision 3 mm posterior to the surgical 
limbus (Fig 2, top). The IOL was grasped with an intraocular 
foreign body forceps and lifted up to the iris plane. The loop of 


Fig 2.—Suture fixation of dislocated posterior chamber intraocular 
lens. Top, Following three-port pars plana vitrectomy, the dislocated 
posterior chamber intraocular lens is lifted forward with the intraocular 
foreign body (IOFB) forceps, and the haptics are threaded through a 9- 
0 polypropylene (Prolene) loop, shown in a vertical section on the right. 
Bottom left, A second polypropylene loop is similarly used to provide a 
two-point fixation of the haptics. The two polypropylene loops are 
loosely tied at this point, but the knot is not tightened flush with the 
sclera. Bottom right, Once the inferior haptic is secured, the polypro- 
pylene loops are tied to each other and tightened flush with the sclera, 
thereby providing a four-point fixation of the intraocular lens. The 
scleral trapdoor is then closed with a single 9-0 polypropylene suture 
at each corner. 






1/2-Thicknes: 
Scleral Flap 








IOFB Forceps 


9.0 Polypropylene Through 
23-Gauge Needle 





Loops Tied to 
Each Other 


polypropylene suture was then pushed out through the nee- 
dle, and the haptic was threaded through this loop. The 23- 
gauge needle was then withdrawn, leaving the loop inside the 
eye. A second similar stab incision was made 3 mm away from 
the first entry site. This loop, too, was passed over the haptic 
of the IOL (Fig 2, bottom left). The two sutures were then 
loosely tied to each other using a slipknot but were not tight- 
ened flush with the sclera. The same sequence was repeated 
180° away, and the opposite haptic of the IOL was secured. 
Once both haptics were secure, the loops were snugly tied 
down, thus ensuring a four-point fixation of the IOL (Fig 2, 
bottom right). The scleral flaps were then closed with a single 
suture of 9-0 polypropylene at either corner. On the first 
postoperative day, the IOL was in place 2 mm behind the iris 
plane, the eye appeared free from inflammation, and the 
patient's uncorrected visual acuity was 20/100. 

Comment. —We believe that this modified procedure offers 
better stability to the IOL, since it provides a four-point 
fixation to the haptic and thus prevents rotation of the lens 
around the vertical axis. Exposed transscleral sutures have 
been reported to provide a track for bacterial entry to the 
vitreous cavity.” The scleral trapdoor incision prevents expo- 
sure of the transscleral fixating sutures. Also, there was 
considerably less intraocular manipulation, thereby reducing 
the risk of inadvertent retinal trauma due to movement of the 
IOL. This technique can also be used for scleral fixation of 
posterior chamber IOLs in the absence of posterior capsular 
support. We agree with Dr Smiddy that the McCannell suture 
is likely to induce considerable ocular irritation. Removal of a 
dislocated IOL via an anterior chamber incision is both trau- 
matic and visually disabling, and all attempts should be made 
to reposition the IOL in the ciliary sulcus. 

RaJiv ANAND, MD, FRCS 
R. WAYNE Bowman, MD 
Dallas, Tex 


This study was supported in part by an unrestricted grant from Research to 
Prevent Blindness Inc, New York, NY. 
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Aminoglycoside Macular Toxicity After 
Subconjunctival Injection 


To the Editor.—I read with interest the case report by 
Judson.’ I believe that Dr Judson is mistaken in his diagno- 
sis and that this case most likely represents optic nerve 
trauma from a retrobulbar needle. The fundus picture and 
fluorescein angiogram are typical of that seen following 
intraneural injection of anesthetic with nerve sheath 
hemorrhage.'* The subhyaloid hemorrhage evident in the 
photograph and sharp cutoff of the arterial perfusion pri- 
marily in the macular area is typical of the reported cases. 
This case should not be taken as any evidence whatsoever 
that aminoglycoside toxicity can be caused by subconjunc- 
tival injection. 

W. SANDERSON GRIZZARD, MD 

Tampa, Fla 
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In Reply.—I appreciate the careful attention Dr Grizzard 
gave to my case report. I agree that in some cases there may 
be no definitive way to distinguish between the clinical and 
angiographic findings of aminoglycoside macular toxicity 
and retinal vascular occlusion from traumatic retrobulbar 
injection of the optic nerve. 

However, I believe that my report and explanation is 
correct for the following reasons: (1) There was no resis- 
tance to anesthetic injection or retrobulbar hemorrhage or 
proptosis noted by the referring surgeon. (2) Contact B-scan 
ultrasonography performed by me showed no thickening of 
the optic nerve sheath. (3) There was no clinical or angio- 
graphic evidence of optic nerve swelling, hemorrhage, or 
infarction. (4) Most importantly, there does not seem to be 
another plausible anatomic explanation for the peculiar 
oval pattern of retinal necrosis manifested by absolute ar- 
terial and venous nonperfusion seen on fluorescein angiog- 
raphy, other than by a “settling” phenomenon of a toxic 
substance in the posterior pole of a supine patient. 





Fig 1.—Venous-phase fluorescein angiogram showing normal initial 
perfusion of arterioles and venules superiorly and sharp cutoff of distal 
macular branch vessels at the border of the oval ischemic zone. 


Fig 2.—Recirculation-phase fluorescein angiogram showing vascular 
leakage, for the most part at the border of the ischemic zone. There is 
no disc leakage. 
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In Fig 1, note the normal dye perfusion of the originating 
retinal arteries superiorly, but the sharp cutoff at the 
slightly more distal macular branch arterioles. If the cause 
of macular damage was a sharp rise in intraneural sheath 
pressure (from anesthetic or hemorrhage), one would ex- 
pect a compromise in venous outflow (first) and arterial in- 
flow (shortly thereafter), causing a combined central reti- 
nal vein and arterial obstruction.! My case showed no 
venous dilation, no delay in venous filling, and no evidence 
of widespread retinal vascular obstruction outside of the 
macula. Distinct vascular dye leakage (presumably from 
direct endothelial toxicity or ischemia) can be seen in the 
vessels directly bordering the necrotic macula (Fig 2). 

The photographs and descriptions of the five cases of 
gentamicin toxicity secondary to intraocular injection re- 
ported by McDonald et al’ are nearly identical to this case. 
They and others note the peculiar nonfilling of macular 
arterioles and adjacent retinal vascular leakage on 
angiography.’ 

The significance of reporting this case was to stress the 
importance of avoiding any potential pathway for the 
intraocular penetration of toxic doses of aminoglycosides 
during cataract surgery. Just-closed corneoscleral wounds 
in eyes of relatively low pressure at the end of routine cat- 
aract surgery are far from “watertight.” Why take chances? 

PETER H. JUDSON, MD 
Hartford, Conn 
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Semiconductor Diode Laser Peripheral lIridotomy 


To the Editor.—The ruby, argon, and neodymium-YAG la- 
sers have each been used as an alternative to surgical iri- 
dectomy for the purpose of creating an opening in the iris. 
The semiconductor diode laser is a small, portable, light- 
weight laser that uses standard current and is air cooled. 
This instrument has been used in industry (eg, in telecom- 
munications and compact disk players), and its potential 
ophthalmologic uses have only recently been examined. We 
report the use of a diode laser to perform a peripheral iri- 
dotomy. 


Report of a Case.—A 58-year-old brown-eyed man was referred 
for “narrow angles.” The patient denied any symptoms of angle 
closure glaucoma. Visual acuity was 20/25-' OD and 20/207 OS. 
Intraocular pressures were 12 mm Hg OD and 13 mm Hg OS, and 
gonioscopy revealed only anterior trabecular meshwork bilater- 
ally. The anterior chambers were 3 to 4 corneal thicknesses 
centrally and less than 1/8 corneal thickness peripherally. The re- 
mainder of the examination results were unremarkable. The 
patient was believed to have occludable angles, and he agreed to 
undergo a laser peripheral iridotomy bilaterally. 

Pilocarpine hydrochloric acid (2%) and apraclonidine hydro- 
chloric acid (1% ) were applied to both eyes preoperatively. Follow- 
ing written informed consent, a diode laser (805 nm, Candela Laser 
Corp, Wayland, Mass) with a slit-lamp delivery system was used to 
perform a peripheral iridotomy in the left eye using a Wise lens. 
The settings were 700 mW of power (maximum power for this la- 
ser at the selected spot size), 100 um spot size (minimum available 
spot size), and 0.2 to 0.5 seconds. Twenty applications were required 
to penetrate the iris. The initial five to seven 0.2-second burns ap- 
peared to “hump” the iris; 0.5-second burns were then used to pen- 
etrate the tissue. The patient was treated with one drop of 1% apr- 
aclonidine postoperatively and 1% prednisolone acetate tapered 
during 1 week. At the same time, the contralateral eye was treated 
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Fig 1.—Left eye of patient 1 day following diode laser peripheral iridot- 
omy. Note the zone of hyperpigmentation surrounding the iridotomy (ar- 
rows). 


with the neodymium-YAG laser without complications to create a 
peripheral iridotomy. 

One hour postoperatively the intraocular pressure was 7 mm Hg 
OD and 15 mm Hg OS. There was 2+ flare and cell bilaterally. The 
following day the intraocular pressure was 8 mm Hg OD and 9 mm 
Hg OS, and visual acuity was 20/20 in both eyes. Gonioscopy 
revealed the angle to be open to the ciliary body band for 360° in 
both eyes. There was a zone of hyperpigmentation surrounding the 
iridotomy in the left eye (Fig 1). A small, white, anterior, capsular 
opacity was noted on the lens just beneath the iridotomy. No cor- 
neal or retinal lesions were noted. 

One month following treatment the intraocular pressure was 12 
mm Hg in both eyes and the angles remained open to ciliary body 
band. The iris stroma had resorbed in the formerly hyperpig- 
mented zone surrounding the iridotomy in the left eye, and the an- 
terior capsular lens opacity was less noticeable, having become 
fainter and smaller (Fig 2). This was unchanged at the 2-month 
follow-up visit. 

Two additional eyes (both brown) have since received diode la- 
ser peripheral iridotomy using somewhat similar parameters (1200 
mW, 200-um spot size, 0.1 to 0.5 seconds, 22 spots in one eye and 49 
spots in the other), with results comparable with those for the first 
eye described (minimal inflammatory reaction and no intraocular 
pressure elevation). One eye developed a small anterior capsular 
lens opacity and the other eye had no opacity; both eyes were fol- 
lowed up for 5 months. The diode laser was effective in penetrating 
the iris in all cases. 


Comment.—These cases demonstrate that the diode laser 
may be an effective tool for performing laser peripheral iri- 
dotomies. Brown irides were readily penetrated using the 
diode laser; however, the “humping” technique required by 


Correspondence 1207 





A ir æ 
Fig 2.—One month following diode laser peripheral iridotomy. Note the 


thinning of stroma in formerly hyperpigmented area (arrow) and the un- 
derlying anterior capsular opacity (arrowhead). 


the low-power output of the instrument used is not optimal. 
This technique creates a large iridotomy as the iris relaxes 
over time since the iris tissue is drawn into the operative 
site by the initial low-energy applications. As diode laser 
technology develops and more powerful units become avail- 
able, it should be possible to use high-power, short-duration 
applications with a smaller spot size to create an iridotomy. 

The production of anterior capsular lens opacities is seen 
in approximately one third of iridotomies produced by the 
argon laser’; it is not surprising that the diode laser, which 
also works by photocoagulation (unlike the neodymium- 
YAG laser, which functions by photodisruption) created 
anterior capsular opacities. The most likely mechanism for 
the development of these opacities is the displacement of 
pigment from the posterior surface of the iris onto the lens 
capsule during iridotomy, with subsequent absorption of 
energy by this dislodged pigment and focal heating and 
whitening of the anterior lens capsule. Anterior capsular 
lens opacities created by the argon laser do not appear to 
progress, but such lenses should be observed for the devel- 
opment of cataracts.’ 

The near infrared wavelength of the diode laser may al- 
low deeper penetration of the iris stroma due to the en- 
hanced transmission of the longer wavelength compared 
with the argon laser.’ This may be an advantage in per- 
forming an iridotomy with the diode laser as opposed to the 
argon laser. Other advantages of the diode laser include its 
small size, portability, air cooling, and use of standard cur- 
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rent. The diode laser appears to be an effective alterna- 
tive to the argon laser in the creation of peripheral iridot- 
omies. 
JOEL S. SCHUMAN, MD 
CARMEN A. PULIAFITO, MD 
JOHN J. JACOBSON, MD 
Boston, Mass 
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Use of Apraclonidine in the Treatment 
of Acute Angle Closure Glaucoma 


To the Editor.—Previous studies have found that apracloni- 
dine is able to blunt the rise in intraocular pressure that 
follows anterior segment laser procedures. However, to our 
knowledge, no one to date has reported the efficacy of 
another possible short-term use of apraclonidine, namely, 
the treatment of acute angle-closure glaucoma. 


Report of a Case.—A patient was recently examined with a his- 
tory of elevated intraocular pressures and minimal visual field loss. 
Her medications included 0.5% levobunolol twice daily in both eyes 
and 2% pilocarpine four times daily in both eyes, both of which she 
had used 2 hours prior to examination. Pupil diameters were 2 mm 
in both eyes. The patient’s intraocular pressures were 21 mm Hg 
in both eyes. By gonioscopic examination, one third to one half of 
the trabecular meshwork was visible in both eyes with a steep con- 
figuration of the peripheral iris and no peripheral anterior synech- 
ias. As a provocative test, 2.5% phenylephrine was instilled in the 
right eye only. Forty minutes later, intraocular pressure was 27 mm 
Hg, with progressive narrowing of the anterior chamber angle. Two 
percent pilocarpine was promptly instilled. Ninety minutes later, 
intraocular pressure was 30 mm Hg in the right eye, the anterior 
chamber angle was almost entirely closed, and the pupil diameter 
was 4 mm. Following additional pilocarpine instillation, the 
intraocular pressure rose to as high as 39 mm Hg in the right eye, 
with no change in pupil diameter or anterior chamber depth. 
Intraocular pressure in the left eye remained unchanged at 21 mm 
Hg. At this time, informed consent was obtained from the patient 
for the nonapproved use of apraclonidine, and one drop of 1% 
apraclonidine was instilled in the right eye. One hour after apra- 
clonidine administration, the intraocular pressure in the right eye 
was 18mm Hg, the pupil diameter was 2 mm, and the angle resumed 
its previous narrow, but open, configuration. 


Comment.—Prior to laser iridotomy for acute angle-clo- 
sure glaucoma, it is best to first reduce intraocular pressure 
to allow pilocarpine to contract the pupil and open the an- 
gle. In this regard, medications that are useful include car- 
bonic anhydrase inhibitors, 6-adrenergic blockers, and hy- 
perosmotic agents. Miotic therapy is frequently ineffective 
even when intraocular pressure is elevated to levels below 
ophthalmic artery diastolic pressure.' Oral carbonic anhy- 
drase inhibitors and hyperosmotic agents may exacerbate 
the nausea that accompanies acute elevations of intraocu- 
lar pressure. Furthermore, intravenous hyperosmotic 
agents may induce congestive heart failure, pulmonary 
edema, hyperosmolar coma, or subdural hematoma in sus- 
ceptible patients. 

It is noteworthy that our patient had already instilled 
levobunolol eyedrops just 2 hours prior to the examination, 
and additional 6-blocker therapy was unlikely to be of ben- 
efit. Apraclonidine acts predominantly by reducing aqueous 
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humor production and its effects are additive to topically 
administered timolol.” It is apparent from this case that 
apraclonidine therapy further reduced intraocular pres- 
sure, enabling the previously instilled pilocarpine to cause 
pupillary miosis and consequently break the glaucomatous 
attack. The pupillary miosis cannot be ascribed to apra- 
clonidine itself, which may, in some circumstances, cause 
pupillary mydriasis.’ Of note, any mydriasis that may have 
resulted from the apraclonidine in this patient did not in- 
terfere with the miotic action of pilocarpine. 

While our report represents the results in only one 
patient, we feel that topical apraclonidine may have utility 
in the short-term therapy of acute angle-closure glaucoma. 
Its acute effects may compare favorably with other agents 
currently used in this situation. 


PAUL L. KRAWITzZ, MD 
STEVEN M. Popos, MD 
New York, NY 
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Methods of Clinical Cataract Grading: Two Systems 
Compared 


To the Editor.—Chylack et al' are to be congratulated on the 
development of the Lens Opacities Classification System II 
(LOCS II) method. Their pursuit of excellence has been re- 
warded in a system that is repeatable, and can be applied 
equally to in vivo clinical slit-lamp grading as well as to the 
grading of cataract photographs. 

In their article, the authors compare the LOCS II system 
with the Oxford Clinical Cataract Classification and Grad- 
ing System.’ They make the point that the Oxford system 
is “much more complex than the LOCS II.” This comment 
is true of the system as a whole, the philosophy behind the 
design of the system being to provide a composite system for 
the quantification of a selection of common cataract fea- 
tures, in addition to those major features documented by 
LOCS II. However, some investigators may prefer to limit 
themselves to the quantification of major cataract features 


Mean x Values for Comparable Features for the Oxford 
Clinical Cataract Classification and Grading System and The 
Lens Opacities Classification System Il (LOCS Il) 


Oxford x 
(No. of Classes) 


LOCS Il x 
Cataract Type (No. of Classes) 
Intraobserver 


Cortical spokes 


Posterior subcapsular 
Nuclear scatter 
Nuclear brunescence (color) 





Interobserver 
Cortical spokes 


Posterior subcapsular 
Nuclear scatter 
Nuclear brunescence (color) 
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only, and with the Oxford system the user is free to choose 
as many or as few of the available features as desired. This 
flexibility allows the system to be complex or simple, as re- 
quired. We consider one of the strengths of the Oxford sys- 
tem to be the fact that it is based entirely on known met- 
rics, these all being interval in nature (linear or logarith- 
mic) except for nuclear brunescence, which is based on a 
three-dimensional but well-standardized metric.’ All other 
major noncomputerized systems of cataract quantification 
rely on photographic examples of cataract, which precludes 
any claims to interval scale measurement. 

At the time of writing their article, Chylack et al were not 
aware of the details of the repeatability of the Oxford 
system.’ They correctly quoted from a summary pub- 
lication’ that the repeatability of the system as measured 
by mean « statistics varied between .87 and .36. What was 
not appreciated, however, was that the low « values referred 
to the interobserver variability of minor features that have 
no counterpart in LOCS II, and which many users may pre- 
fer to exclude for reasons of simplicity in grading. The Ta- 
ble shows « values for the Oxford system and comparable 
LOCS II features. The levels of agreement on the LOCS II 
system are, in general, slightly better than those of the Ox- 
ford system, particularly with regard to nuclear color 
assessment, where LOCS II only employs three possible 
classes compared with the six in the Oxford system, thus 
allowing greater opportunity for disagreement. Likewise, 
confluent cortical features are subdivided into spokes and 
waterclefts, and each is graded (0 to 5) separately. The Ox- 
ford system therefore gains sensitivity to minor changes at 
the expense of a slight loss of repeatability. An example of 
a system with low sensitivity to minor change and high re- 
peatability (x approaching unity) is that developed by 
Mehra and Minassian.‘ 

The similarity of the results between the Oxford and 
LOCS II methods invite speculation that systems of clini- 
cal cataract quantification are unlikely to improve much 
further, as the limits of sensitivity and repeatability appear 
to have been attained. Individual users of these systems 
therefore have the opportunity of choosing the method most 
relevant to their needs, ie, one that provides an appropriate 
balance between sensitivity and repeatability prior to con- 
ducting a particular type of study. Portability and conve- 
nience of use would naturally also be factors for consider- 
ation. 

JOHN M. SpARROW, MBBCH, DPHIL, 
DO, FRCS, FCOPHTH 
Leicester, England 
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In Reply.—I wish to express my appreciation to Dr Sparrow 
for his kind comments about the LOCS II Cataract Classi- 
fication System. I have no substantial disagreement with 
any of the points he raises except to point out that the 
number of useful features in any cataract classification 
system is often set more by the uniqueness and recogniz- 


Correspondence 1209 


ability of the feature than the will of the grader. For exam- 
ple, should a group of graders desire to use all of the features 
in the Oxford Classification System, they might find that 
some of the less conspicuous features cannot be graded 
consistently by the same or different graders. The low x 
values discourage them from using such features rather 
than their simple disinclination to use them. Early in the 
development of the LOCS II system, we were sure that we 
could reproducibly grade nuclear color on a six-step scale; 
we gradually learned that we could not do this even with 
extensive training. Therefore, we settled for the three-cat- 
egory scale as the most complex one that we could use con- 
sistently. 

I would like also to comment on Dr Sparrow’s speculation 
that with the LOCS II and Oxford systems, we might be at 
the limit of complexity for subjective techniques of cataract 
classification. With regard to use of traditional features 
that have been used by clinicians for centuries, I tend to 
agree. But there may be features that affect our grading 
that we cannot see or describe. We used a very powerful 
psychometric tool, multidimensional scaling, to detect and 
scale features of nuclear cataract that we sensed were there, 
but could not describe.' This technique allowed us to deter- 
mine that nuclear aspect ratio, symmetry, and the contrast 
between the embryonal structures and the background were 
new features we had not “seen.” We believe that this tech- 
nique, applied to cortical and posterior subcapsular cata- 
racts and to nuclear color, may yield additional new 
features that may help us devise the next generation of 
subjective cataract classification systems. 

LEO T. CHYLACK, JR, MD 
Boston, Mass 
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Subconjunctival 5-Fluorouracil-—Induced Transient 
Striate Melanokeratosis 


To the Editor.—5-Fluorouracil injected subconjunctivally 
in conjunction with trabeculectomy has been associated 
with a variety of ocular toxic effects. We have recently ob- 
served five cases of transient striate melanokeratosis fol- 
lowing the subconjunctival injection of 5-fluorouracil after 
trabeculectomy (Figure). 

The ages of the five patients ranged from 29 to 78 years; 
four patients were black and one was white. All patients 
received a total of eight subconjunctival injections of 2.5 mg 
of 5-fluorouracil given on postoperative days 1, 2, 3, 4, 6, 8, 
10, and 13. Two of the five patients developed corneal 
epithelial defects approximately 2 weeks after surgery. The 
epithelial defects healed completely within 1 week. The re- 
maining three patients developed diffuse superficial punc- 
tate keratopathy in the immediate postoperative period 
that resolved within 3 weeks. 
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Slit-lamp photograph, taken 3 months postoperatively, of linear corneal 
epithelial pigmentation that developed after trabeculectomy and adjunc- 
tive 5-fluorouracil therapy. 


The striate melanokeratosis was first observed 3 to 4 
weeks after surgery in all patients. The pigmented epithe- 
lial lines slowly resolved over 2 to 3 months in four of the 
five patients. The corneal pigmentation was fading but per- 
sisted at 4 months after surgery in the remaining patient. 

Clinically, corneal pigmentary lines have been observed 
in Fabry’s disease, during amiodarone drug therapy, and 
after development of eccentric corneal epithelial defects.! It 
has been postulated that the corneal pigment is derived 
from migrating stem cells residing at the limbus. 

Thus, the striate melanokeratosis we have observed may 
be pigmented cell migration from the limbus as a conse- 
quence of the natural healing process of the corneal epithe- 
lial defects and of the punctate keratopathy. However, the 
striate melanokeratosis may be related to the chemother- 
apeutic agent 5-fluorouracil, which has been associated with 
skin pigmentation when used topically and with venous 
pigmentation when used intravenously.** The mechanism 
of this pigmentation has not been explained. It is possible 
that subconjunctival 5-fluorouracil stimulates pigment for- 
mation and thereby causes the transient abnormal corneal 
pigmentation that we have observed. 

THOMAS M. STANK, MD 
THEODORE KRUPIN, MD 
MARIANNE E. FEITL, MD 
Philadelphia, Pa 
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posterior capsulotomies.'' IOPIDINE solution is 
already recognized for effectively controlling or 
preventing postsurgical IOP spikes following argon 
laser trabeculoplasty and iridotomy.'*” This new 
indication promises to make IOPIDINE solution even 
more valuable to the ophthalmic laser surgeon. 
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minimal corneal cloudiness in the 1.5% group only. No histopathological changes were noted in those 
eyes. No adverse ocular effects were observed in cynomolgus monkeys treated with two drops of 1.5% 
IOPIDINE Ophthalmic Solution applied three times daily for three months. No corneal changes were 
_ observed in 320 humans given at least one dose of 1.0% IOPIDINE Ophthalmic Solution. 
Drug Interactions 
Interactions with other agents have not been investigated. 
Impairment of Fertility 
In a variety of in vitro cell assays, apracionidine was nonmutagenic. Studies addressing carcinogenesis 
and the impairment of fertility have not been conducted. 
Pregnancy Category C 
There are no adequate and well controlled studies of IOPIDINE Ophthalmic Solution in pregnant women. 
Animal reproduction studies have not been conducted with apraclonidine hydrochloride. This medication 
should be used in pregnancy only if the potential benefit to the mother justifies the potential risk to the 
fetus. 
Nursing Mothers 
-Itis not known if topically applied IOPIDINE Ophthalmic Solution is excreted in human milk. A decision 
should be considered to discontinue nursing temporarily for the one day on which IOPIDINE Ophthalmic 
Solution is used. 
Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
The following adverse events were reported in association with the use of IOPIDINE Ophthalmic Solution 
in laser surgery: ocular injection (1.8%), upper lid elevation (1.3%) , irregular heart rate (0.7%), ocular 
_ inflammation (0.45%), nasal decongestion (0.45%), conjunctival blanching (0.4%) and mydriasis (0.4%). 
The following adverse events were observed in investigational studies dosing |OPIDINE Ophthalmic 
Solution once or twice daily for up to 28 days in nonlaser studies: 
Ocular; Conjunctival blanching, upper lid elevation, mydriasis, burning, discomfort, foreign body 
sensation, dryness, itching, hypotony, blurred or dimmed vision, allergic response, conjunctival 
microhemorrhage 
Gastrointestinal: Abdominal pain, diarrhea, stomach discomfort, emesis 
Cardiovascular; Bradycardia, vasovagal attack, palpitations, orthostatic episode 
Central Nervous System: Insomnia, dream disturbances, irritability, decreased libido 
_ Other; Taste abnormalities, dry mouth, nasal burning or dryness, headache, head cold sensation, 
chest heaviness or burning, clammy or sweaty palms, body heat sensation, shortness of breath, 
increased pharyngeal secretion, extremity pain or numbness, fatigue, paresthesia, pruritus not 
associated with rash 
DOSAGE AND ADMINISTRATION 
One drop of IOPIDINE Ophthalmic Solution should be instilled in the the scheduled operative eye one 
hour before initiating anterior segment laser surgery and a second drop should be instilled to the same 
eye immediately upon completion of the laser surgical procedure. Use a separate container for each sin- 
gle-drop dose and discard each container after use. 


HOW SUPPLIED 

IOPIDINE (apracionidine hydrochloride) Ophthalmic Solution 1% as base is a sterile, isotonic, aqueous 
solution containing apracionidine hydrochloride. Supplied as follows: 0.25 mL in plastic ophthalmic dis- 
pensers, packaged two per pouch. These dispensers are enclosed in a foil overwrap as an added barri- 
er to evaporation. 0.25 mL: NDC 0065-0660-25 


STORAGE 
Store at room temperature. Protect from light. 
U.S. Patent No. 4,517,199 


Jointly Manufactured By: Alcon Laboratories, Inc. ® 
Fort Worth, Texas 76134 USA on 
and 

Automatic Liquid Packaging Corp. SURGICAL 
Arlington Heights, Illinois 60005 
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These handy, tear-off, drug- 
use information sheets are 
designed to supplement your 
verbal instructions to your 
patients. They are available 
for 81 drug titles from the 
U.S. Pharmacopeia (USP), 
the highly respected drug 
information organization. 


from USP today. 

Call toll-free to 

receive a FREE 
PMI information kit or to 
order and charge to your 
MasterCard or VISA. 


1-800-227-8772, 
Ext. 773 
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provides early detection and monitoring of pathology, 
including glaucoma, cataract, amblyopia, diabetic retinopathy, macular degeneration, 
optic neuritis, contact lens problems, and others. Converts to Snellen notation. 


allow you to test your patients under the real-world 
conditions they complain about—Night Driving (Central Glare), Bright Sunlight 
(Peripheral Glare), and Single Orientation Glare (Radial Glare) for patients with 
eye injuries. 


offers quick, reliable assessment of macular function in 
cataract patients and documents that surgery is expected to improve a patient’s visual 
performance. 


minimize memorization in traditional Snellen 
acuity testing. 


provide standardized luminance levels, 
eliminate variations caused by bulb age and power variations, and ensure reliable test 
results. 
*Peer Review Organization 
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Case Reports 





Treatment of Pneumocystis 
carinii Choroidopathy 


Pneumocystis carinii choroidopathy 
in patients with the acquired immuno- 
deficiency syndrome (AIDS) is a re- 
cently recognized clinical entity. The 
long-term natural history is not well 
described and the response to antimi- 
crobial therapy has been reported in 
only a single patient, to our knowl- 
edge.' We followed up a patient with 
AIDS and bilateral, multifocal Pneu- 
mocystis choroidopathy and report 
herein on the slow regression of all le- 
sions following treatment. 


Report of a Case.—A 22-year-old white 
woman with a history of heterosexual con- 
tact with an intravenous drug abuser de- 
veloped P carinii pneumonia in July 1988. 
Serologic testing at that time was positive 
for human immunodeficiency virus 1 anti- 
bodies. The patient was treated successfully 





with a 3-week course of parenteral penta- 
midine isethionate since she was found to 
be allergic to sulfamethoxazole. Subse- 
quently, she received aerosolized pentami- 
dine every other week as suppressive ther- 
apy. 

In June 1989, the patient presented with 
intermittent blurring of vision in both eyes 
of 1 week’s duration. Medications at this 
time included zidovudine and aerosolized 
pentamidine. Best corrected visual acuity 
was 20/20 OD and 20/25 OS. The anterior 
segment was quiet in both eyes. The oph- 
thalmoscopic examination revealed normal 
optic discs and retinal vasculature in both 
eyes. In the posterior pole there were a 
number of well-circumscribed, creamy yel- 
low, slightly elevated, subretinal masses 
not associated with overlying inflammation 
(Fig 1). In some areas they were more con- 
fluent, and in the left eye they were situated 
under the foveal avascular zone. The results 
of a systemic workup for mycobacterial and 
syphilitic infection were negative and there 
was no evidence of a clinical recurrence of 
P carinii pneumonia. 

Treatment was instituted at the time of 


diagnosis with parenteral pentamidine. 
This was abandoned 2⁄2 weeks later in fa- 
vor of oral trimethoprim and dapsone due 
to toxicity from pentamidine. The patient 
continued to receive maintenance with tri- 
methoprim and dapsone. Therapy with zi- 
dovudine and inhalational pentamidine 
was also continued. Two months after the 
diagnosis of Pneumocystis pneumonia, the 
lesions appeared flatter and the borders 
better circumscribed. The patient’s visual 
acuity at this time was 20/25 OD and 20/40 
OS. Trimethoprim was discontinued be- 
cause of toxicity, but the patient continued 
to receive dapsone. 

On September 14, 1989, the patient pre- 
sented with photopsias in the right eye re- 
lated to cytomegalovirus (CMV) retinitis. 
Zidovudine therapy was discontinued in fa- 
vor of ganciclovir to treat the CMV retini- 
tis in the right eye. One month later, how- 
ever, dapsone and ganciclovir were discon- 
tinued because of severe neutropenia. 

The patient received pentamidine intra- 
venously every 2 weeks. Most recently, the 
CMV retinitis has been treated with fos- 
carnet due to the patient’s inability to tol- 


Fig 1.—Left, Pneumocystis lesions in the right eye at the time of diagnosis. Right, Similar lesions in the left eye. 


Fig 2.—Left, Regression of lesions in the right eye following 5 months of treatment. Right, Similar regression of lesions in the 


left eye. 
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erate ganciclovir. Her Pneumocystis le- 
sions have markedly regressed and she 
maintains excellent central visual acuity 
(Fig 2). 


Comment.—Patients with dissemi- 
nated extrapulmonary P carinii infec- 
tions have recently presented with 
greater frequency. Pnewmocystis 
choroidopathy, in particular, is a dis- 
tinct clinical entity whose incidence 
seems to be increasing. Due to im- 
provements in antiviral therapy, pa- 
tients with AIDS are now living 
longer. Aerosolized pentamidine for 
both suppression and prophylaxis is 
effective in treating or delaying Pneu- 
mocystis pneumonia but apparently 
does not prevent and may even facili- 
tate systemic dissemination.? Oph- 
thalmoscopic examination is now a 
routine part of the care of patients 
with AIDS and this will increase the 
chance of detecting Pneumocystis 
choroidopathy. 

Pneumocystis choroidopathy can be 
reliably diagnosed by its typical oph- 
thalmoscopic appearance.’ It is char- 
acterized by the presence of multi- 
ple (usually bilateral), yellow-white, 
slightly elevated, discrete or multilob- 
ular subretinal masses clustered in the 
posterior pole. There is no associated 
overlying inflammatory response. The 
history, physical examination, and se- 
lected ancillary testing can usually 
distinguish this entity from other 
causes of both infectious and nonin- 
fectious multifocal choroidopathy. 

With the availability of numerous 
antibiotics, specific antimicrobial 
therapy should be contemplated when 
Pneumocystis choroidopathy threat- 
ens central visual acuity. The natural 
history of untreated Pnewmocystis 
choroidopathy is unknown. Our case 
and the one previously reported case’ 
illustrate that the lesions do regress 
slowly with extended therapy. It is not 
yet clear whether lesions will recur 
following termination of therapy. 

MARK W. KOSER, MD 
LEE M. JAMPOL, MD 
KEITH MACDONELL, MD 
Chicago, Ill 


This study was supported in part by an unre- 
stricted grant from Research to Prevent Blind- 
ness Inc, New York, NY. 
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Extraretinal Cytomegalovirus 
Infection Following Retinal 
Reattachment Surgery in a 
Patient With Acquired 
Immunodeficiency Syndrome 


Cytomegalovirus (CMV) retinitis is 


the most common opportunistic ocular 
infection of the acquired immunodefi- 
ciency syndrome (AIDS). Cytomegalo- 
virus antigens have been immunohis- 
tochemically localized in all layers of 
the retina, but are rarely found in oc- 
ular tissue other than the retina.'* We 
recently cared for a patient with AIDS 
and CMV retinitis who developed en- 
dophthalmitis following a scleral 
buckling procedure. Cytomegalovirus 
was the only pathogen identified on 
histopathologic examination of the eye 
and was present in spindle cells and 
vascular endothelial cells of the orga- 
nized vitreous. 


Report of a Case.—A 31-year-old man 
with AIDS was being treated with intrave- 
nous ganciclovir for bilateral CMV retini- 
tis. The patient had been doing well for 
nearly 3 months, with visual acuities of 20/ 
40 OD and 20/20 OS, when an area of reti- 
nal whitening and intraretinal hemorrhage 
developed in the periphery of the superior 
temporal retina of the right eye. The dosage 
of ganciclovir was increased from its main- 
tenance level, but the patient’s visual acu- 
ity dropped to light perception in the right 
eye 2 weeks later due to a bullous retinal 
detachment. An atrophic hole was found 
near the area of reactivated retinitis. A 
scleral buckling procedure was performed, 





but visualization of the posterior pole was 
lost after surgery due to diffuse vitritis. The 
cause of the vitritis was not clinically ap- 
parent. Several possibilities were consid- 
ered, including an exogenous infection from 
the placement of a scleral suture or from 
the drainage of subretinal fluid or a second 
endogenous infection besides CMV. Bacte- 
rial cultures from a vitreal tap were nega- 
tive. The right eye soon became blind. When 
pain developed several weeks later, the 
globe was eviscerated and the scleral exo- 
plant removed. 

Histologic examination revealed acute 
and chronic inflammation and organization 
of the vitreous by fibrovascular tissue. Ret- 
inal tissue could not be identified, having 
been transformed into necrotic debris. The 
choroid contained predominantly chronic 
inflammatory cells. The proliferative fi- 
brovascular membranes in the vitreous 








Fig 2.—Immunohistochemical localization of 
cytomegalovirus (CMV) antigen. The nuclei 
(arrows) of two large cells lying beside a ves- 
sel in the organized vitreous stained intensely 
brown with anti-CMV antibody (immunoperox- 
idase, diaminobenzidine chromagen, original 
magnification X390). 


Fig 1.—Fibrovascular membranes in the upper half of the photograph are markedly inflamed. The 
pigmented ciliary epithelium can be seen in the lower half of the photograph (hematoxylin-eosin, 
original magnification X 140). Inset, Fibrovascular membranes contain markedly enlarged cells 
(arrow) with both intranuclear and cytoplasmic inclusion bodies. This cytomegalic cell is strad- 
dled by vascular lumina (asterisks) (hematoxylin-eosin, original magnification X370). 
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originated from the ciliary body and pe- 
ripheral choroid (Fig 1). Enlarged spindle- 
shaped cells and vascular endothelial cells 
within the membranes contained promi- 
nent intranuclear and cytoplasmic inclu- 
sion bodies characteristic of CMV (Fig 1, 
inset). 

An immunoperoxidase stain for CMV 
antigen was strongly positive in cells 
throughout the organized vitreous and cil- 
iary body (Fig 2). An immunoperoxidase 
stain for factor VIII confirmed that some of 
the infected cells in both the vitreous and 
ciliary body were vascular endothelial cells. 
Special stains for bacteria and fungi were 
negative. 


Comment.—Extraretinal CMV in- 
fection of the eye occurs rarely. 
Daicker? described a patient with 
AIDS and CMV retinitis in whom CMV 
spread throughout the anterior seg- 
ment. Cytomegalovirus was found in 
corneal and trabecular endothelium, 
ciliary muscle, iris smooth muscle, and 
vascular endothelium of the uvea. Al- 
though proliferative vitreoretinopa- 
thy is a known complication of rheg- 
matogenous detachments in CMV re- 
tinitis, we are unaware of any reports 
describing CMV infection involving 
cells within organizing vitreal mem- 
branes. 

CurTIS E. MARGO, MD 
PETER R. PAVAN, MD 
Gainesville, Fla 


1. Skolnik PR, Pomerantz RJ, De la Monte SM, 
et al. Dual infection of retina with human immu- 


Fig 1.—Dense, whorl-like pattern of melanosis within corneal epithelium 
5 weeks after trabeculectomy with postoperative 5-fluorouracil. 
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Striate Melanokeratosis 
Following Trabeculectomy 
With 5-Fluorouracil 


Striate melanokeratosis is a condition 
in which pigment-bearing cells invade 
the central corneal epithelium in a 
whorllike pattern. It typically affects 
black patients with heavy limbal pig- 
mentation and has been described in 
association with corneal epithelial in- 
jury (eg, infectious or exposure kerati- 
tis, cataract extraction, and penetrat- 
ing keratoplasty).! We describe herein 
a patient in whom striate melanokera- 
tosis occurred after trabeculectomy 
with postoperative administration of 
subconjunctival 5-fluorouracil. 

Report of a Case.—A 64-year-old black 
man with severe primary open angle glau- 
coma and a history of a failed filtering pro- 
cedure in the right eye underwent an un- 
complicated repeated trabeculectomy of 
this eye and received a 14-day course (14 
injections of 5 mg each) of postoperative 
subconjunctival 5-fluorouracil. On the sec- 


ond postoperative day, a small epithelial 
defect was present temporally. This defect 
healed by the fourth postoperative day, al- 
though diffuse superficial punctate kera- 
topathy persisted. 

Five weeks after surgery, a dense, whorl- 
like pattern of melanosis was noted within 
the corneal epithelium of the operated eye 
(Fig 1). The limbal conjunctiva of this eye 
was markedly depleted of pigment com- 
pared with the fellow eye. The corneal pig- 
mentation was especially concentrated cen- 
trally and appeared to connect directly to 
fingers of melanin projecting from the in- 
ferior limbus. 

During the next 3 months, the corneal 
pigment began to clear, first centrally and 
then peripherally (Fig 2). Visual acuity 
gradually improved to the preoperative 
acuity of 20/50, and the patient returned to 
the care of his referring ophthalmologist. 


Comment.—In our patient, we be- 
lieve that the well-described corneal 
epithelial toxicity associated with sub- 
conjunctival 5-fluorouracil? contrib- 
uted to the development of striate 
melanokeratosis. We have also ob- 
served striate melanokeratosis in at 
least three other black patients after 
filtering surgery with 5-fluorouracil, 
although the clinical findings were 
most dramatic in the patient described 
herein. Despite the relatively common 
use of 5-fluorouracil after glaucoma- 
filtering surgery in blacks, we are un- 
aware of any previous reports of this 
complication. 

Vortex patterns involving the super- 


Fig 2.—At 14 weeks after surgery, markedly decreased corneal 


axis is seen. 
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ficial cornea can be seen in Fabry’s 
disease and in association with paren- 
teral administration of amiodarone, 


phenothiazines, and chloroquine. Our 
patient was taking none of these med- 
ications and did not suffer from Fab- 
ry’s disease. 

Histopathologic specimens in stri- 
ate melanokeratosis show that the pig- 
mentation consists primarily of mela- 
nin granules in the basal epithelial 
layers, with some scattered through 
the more superficial layers as well.'? 
Animal studies suggest that corneal 
injury incites the ingrowth of epithe- 
lial and pigment-bearing cells from 
the limbal conjunctiva toward the 
injury.’ Frequently, the cellular mi- 
gration is so massive that the limbus is 
left unpigmented. The corneal pigment 
typically begins to clear spontane- 
ously, as it did in our patient, and may 
disappear within months, with a re- 
turn of visual acuity to original levels.’ 

MICHAEL R. PETERSON, MD, PHD 
GREGORY L. SKUTA, MD 

MARK J. PHELAN, MD 

SALLY A. STANLEY, CRA 

Ann Arbor, Mich 
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Anterior Internal Lenticonus 


Reports of curvature abnormalities of 
the crystalline lens are infrequent and 
those of internal lenticonus are rarer. 
The following case report illustrates 
an unusual finding of bilateral anterior 
internal lenticonus. 


Report of a Case.—A healthy 43-year-old 
woman presented with difficulty in reading 
of 6 months’ duration. Visual acuity was 
20/20, J5 OD and 20/20, J4 OS. Cycloplegic 
refraction did not reveal any hyperopia. 
Near visual acuity was J4 OD and J5 OS, 
improving to J1 OU with an addition of +1.5 
diopters (D) OD and +2.0 D OS. 

The patient’s medical history and evalu- 
ation were unremarkable. Members of her 
family were unavailable for examination. 
She was the eighth of nine siblings of a 
nonconsanguinous marriage. 

With a slit-lamp optical section (both 
eyes), the posterior extent of adult and fe- 
tal nuclei was clearly delineated by the re- 
spective zones of discontinuity, while the 
corresponding anterior zones were indis- 
tinct. The anterior extent of the fetal nu- 
cleus was replaced by a fairly well-demar- 
cated conical protuberance, the circumfer- 
ence of its base stopping just short of the 
equatorial limit of the fetal nucleus (Fig- 
ure). The rounded anteriorly convex apex 
lay approximately in the visual axis. The 
anterior and posterior external lenticular 
curvatures were unaltered. Retroillumina- 
tion did not reveal any lens opacities. Blue 
filter slit-beam illumination of the poste- 
rior capsule was unhindered in both eyes. 

On retinoscopy, with a dilated pupil, 
there was no significant variation in optical 
power from the center to the periphery and 
there were no abnormal reflexes. Keratom- 


etry readings were 44.25 X 45.00 at the 90° 
axis in both eyes with regular mires. The 
near point of accomodation was 42 cm. The 
rest of the ocular examination results were 
unremarkable. 


Comment.—In our review of the lit- 
erature we came across only three in- 
stances of internal lenticonus. Duke- 
Elder! mentioned a posterior internal 
lenticonus, presumably an abortive 
posterior lenticonus and a “true” in- 
ternal lenticonus in the form of an ab- 
normally biconvex nucleus. Arnott et 
al? cited two reports of anterior lenti- 
conus in which the anterior aspect of 
the nucleus was also involved. To the 
best of our knowledge there are no re- 
ports of cases of isolated anterior in- 
ternal lenticonus. 

This type of presentation could be a 
forme fruste of bilateral anterior len- 
ticonus or a variation in the normal 
compaction process of the lens fibers.’ 

Since this abnormality was an inci- 
dental finding in an otherwise healthy 
person with no residual visual disabil- 
ity, its incidence is probably more 
common. 

BUDDI RAJEEV, Dip NB 
RAVI THOMAS, MD 
Vellore, India 


1. Duke-Elder S. System of Ophthalmology. 
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2. Arnott EJ, Crawfurd MD’A, Toghill PJ. An- 
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Ophthalmol. 1966;50:390-403. 

3. Brown NAP, Sparrow JM, Bron AJ. Central 
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by lamellar cataract. Br J Ophthalmol. 1988; 
72:538-544. 


Optical cross section of the crystalline lens showing a conical protuberance (arrow) coinciding with the anterior extent of the 
fetal nucleus. 
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FIG. 1 


Which inner square appears to be larger? 








Which inner circle looks smaller? 
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Beta-Blockers From 4 


Perception versus reality. 





open-angle glaucoma or ocular hypertension 
In glaucoma therapy, Betagan® (levobunolol 
HC1) 0.5% Ophthalmic Solution is an effective 


way to treat elevated IOP associated with open- 


concluded that Betagan and Timoptic are 
equally effective in lowering intraocular 
pressure.’ 
angle glaucoma. But some perceive Timoptic” 
(timolol maleate) 0.5% to be more effective. 

In reality, a four-year, double-masked study 
evaluating B.I.D. therapy in 391 patients with 


Now add another dimension. Betagan 
Ophthalmic Solution provides an active 


metabolite contributing to long-lasting 


efficacy, plus the opportunity for improved 


1. Timoptic is a registered trademark of Merck Sharp & Dohme. 2. The Levobunolol Study Group. Levobunolol—A four-year study of efficacy and safet 
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Which horizontal line seems longer? 
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Which beta-blocker do you perceive to be more effective? 





compliance with the C Cap’ Compliance Cap. 
You won't see these in Timoptic because they 
simply aren't there. 

So when it comes to safe, effective therapy 
for your glaucoma patients, take a long, hard 
look at Betagan Ophthalmic Solution. 

And you may never see beta-blockers quite 


the same way again. 


Different Perspective 









(levobunolol HCl) 0.5% 


Liquifilm® sterile ophthalmic solution 

with C Cap” Compliance Cap 

Betagan is contraindicated in patients with bronchial asthma, a history of 
bronchial asthma, severe chronic obstructive pulmonary disease; sinus 


bradycardia; second- and third-degree atrioventricular block; overt cardiac 
failure; cardiogenic shock; hypersensitivity to any component of this product. 


Please see brief prescribing information on next page. 
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E Betagan (levobunolol HCI) 
Liquifilm® sterile ophthalmic solution 
INDICATIONS AND USAGE: BETAGAN 0.25% and 0.5% have been 
shown to be effective in lowering intraocular pressure and may be used 
in patients with chronic open-angle glaucoma or ocular hypertension. 
CONTRAINDICATIONS: BETAGAN is contraindicated in those 
individuals with bronchial asthma or with a history of bronchial asthma, 
or severe chronic obstructive pulmonary disease (see WARNINGS), sinus 
bradycardia; second and third degree atrioventricular block; overt cardiac 
failure (see WARNINGS); cardiogenic shock, or hypersensitivity to any 
component of this product. WARNINGS: As with other topically applied 
ophthalmic drugs, BETAGAN may be absorbed systemically. The same 
adverse reactions found with systemic administration of beta-adrenergic 
blocking agents may occur with topical administration. For example, 
severe respiratory reactions and cardiac reactions, including death due 
to bronchospasm in patients with asthma, and rarely death in associa- 
tion with cardiac failure, have been reported with topical application of 
beta-adrenergic blocking agents (see CONTRAINDICATIONS). Cardiac 
Failure: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contractility, and its 
inhibition by beta-adrenergic receptor blockade may precipitate more 
severe failure. In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over a period 
__ oftime can, in some cases, lead to cardiac failure. At the first sign or symp- 
_ tom of cardiac failure, BETACAN should be discontinued. Non-allergic 
Bronchospasm: In patients with non-allergic bronchospasm or with a 
history of non-allergic bronchospasm (e.g., chronic bronchitis, 
emphysema), BETAGAN should be administered with caution since it 
may block bronchodilation produced by endogenous and exogenous 
catecholamine stimulation of betaz receptors. Major Surgery: The necessity 
or desirability of withdrawal of beta-adrenergic blocking agents prior to 
Major surgery is controversial. Beta-adrenergic receptor blockade impairs 
the ability of the heart to respond to beta-adrenergically mediated reflex 
stimuli. This may augment the risk of general anesthesia in surgical pro- 
cedures. Some patients receiving beta-adrenergic receptor blocking agents 
have been subject to protracted severe hypotension during anesthesia. 
For these reasons, in patients undergoing elective surgery, gradual 
withdrawal of beta-adrenergic receptor blocking agents may be 
appropriate. If necessary during surgery, the effects of beta-adrenergic 
blocking agents may be reversed by sufficient doses of such agonists as 
isoproterenol, dopamine, dobutamine or levarterenol (see OVER- 
DOSAGE). Diabetes Mellitus: Beta-adrenergic blocking agents should be 
administered with caution in patients subject to spontaneous hypoglycemia 
or to diabetic patients (especially those with labile diabetes) who are 
receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. 
Thyrotoxicosis: Beta-adrenergic blocking agents may mask certain clinical 
signs (e.g., tachycardia) of hyperthyroidism. Patients suspected of develop- 
ing thyrotoxicosis should be managed carefully to avoid abrupt withdrawal 
of beta-adrenergic blocking agents which might precipitate a thyroid storm. 
Contains sodium metabisulfite, a sulfite that may cause allergic-type reac- 
tions including anaphylactic symptoms and life-threatening or less severe 
asthmatic episodes in certain susceptible people. The overall prevalence 
of sulfite sensitivity in the general population is unknown and probably 
low. Sulfite sensitivity is seen more frequently in asthmatic than in non- 
asthmatic people. PRECAUTIONS: General: BETAGAN® (levobunolol 
HC) Liquifilm® sterile ophthalmic solution should be used with caution 
in patients with known hypersensitivity to other beta-adrenoceptor 
blocking agents. Use with caution in patients with known diminished 
pulmonary function. In patients with angle-closure glaucoma, the 
immediate objective of treatment is to reopen the angle. This requires, 
in most cases, constricting the pupil with a miotic. BETAGAN has little 
or no effect on the pupil. When BETAGAN is used to reduce elevated 
intraocular pressure in angle-closure glaucoma, it should be followed with 
a miotic and not alone. Muscle Weakness: Beta-adrenergic blockade has 
been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Drug Interactions: BETAGAN should be used with caution in patients 
who are receiving a beta-adrenergic blocking agent orally, because of 
the potential for additive effects on systemic beta-blockade. Although 
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BETAGAN used alone has little or no effect on pupil size, mydriasis resulting 
from concomitant therapy with BETAGAN and epinephrine may occur. 

Close observation of the patient is recommended when a beta-blocker 
is administered to patients receiving catecholamine-depleting drugs such 
as reserpine, because of possible additive effects and the production of 
hypotension and/or marked bradycardia, which may produce vertigo, 

syncope, or postural hypotension. Animal Studies: No adverse ocular effects 
were observed in rabbits administered BETAGAN topically in studies 
lasting one year i concentrations up to 10 times the human dose con- 
centration. Carcinogenesis, mutagenesis, impairment of fertility: In a 
lifetime oral study in mice, there were statistically significant (p < 0.05) 

increases in the incidence of benign leiomyomas in female mice at 200 
mg/kg/day (14,000 times the recommended human dose for glaucoma), 
but not at 12 or 50 mg/kg/day (850 and 3,500 times the human dose). 
in a two-year oral study of levobunolol HCI in rats, there was a statisti- 
cally significant (p < 0.05) increase in the incidence of benign hepatomas 
in male rats administered 12,800 times the recommended human dose 
for glaucoma. Similar differences were not observed in rats administered 
oral doses equivalent to 350 times to 2,000 times the recommended 
human dose for glaucoma. Levobunolol did not show evidence of 
mutagenic activity m a battery of microbiological and mammalian in- 
vitro and in vivo assays. Reproduction and fertility studies in rats showed 
no adverse effect on male or female fertility at doses up to 1,800 times 
the recommended human dose for glaucoma. Pregnancy Category C: 

Fetotoxicity (as evidenced by a greater number of resorption sites) has 

been observed in rabbits when doses or levobunolol HCI equivalent to 

200 and 700 times the recommended dose for the treatment of glaucoma 
were given. No fetotoxic effects have been observed in similar studies with 
rats at up to 1,800 times the human dose for glaucoma. Teratogenic studies 
with levobunolol in rats at doses up to 25 mg/kg/day (1,800 times the 
recommended human dose for glaucoma) showed no evidence of fetal 
malformations. There were no adverse effects on postnatal development 
of offspring. It appears when results from studies using rats and studies 
with other beta-adrenergic blockers are examined, that the rabbit may 
be a particularly sensitive species. There are no adequate and well- 

controlled studies in pregnant women. BETAGAN should be used during 
pregnancy only if the potential benefit justifies the potential risk to the 
fetus. Nursing Mothers: It is not known whether this drug is excreted in 
human milk. Systemic beta-blockers and topical timolol maleate are 
known to be excreted in human milk. Caution should be exercised when 
BETAGAN is administered to a nursing woman. Pediatric Use: Safety and 

effectiveness in children have not been established. ADVERSE 

REACTIONS: In clinical trials the use of BETAGAN has been associated 

with transient ocular burning and stinging in about 1 in 3 patients, and 

with blepharoconjunctivitis in about 1 in 20 patients. Decreases in heart 
rate and blood pressure have been reported (see CONTRAINDICATIONS 
and WARNINGS). The following adverse effects have been reported rarely 

with the use of BETAGAN: inidocyclitis, headache, transient ataxia, dizzi- 
ness, lethargy, urticaria and pruritus. Decreased corneal sensitivity has 
been noted in a small number of patients. Although levobunolol has 
minimal membrane-stabilizing activity, there remains a possibility of 
decreased corneal sensitivity after prolonged use. The following addi- 
tional adverse reactions have been reported with ophthalmic use of beta: 

and betaz (non-selective) adrenergic receptor blocking agents: BODY AS 
A WHOLE: Headache. CARDIOVASCULAR; Arrhythmia, syncope, heart 
block, cerebral vascular accident, cerebral ischemia, congestive heart 
failure, palpitation. DIGESTIVE: Nausea. PSYCHIATRIC: Depression. 

SKIN: Hypersensitivity, including localized and generalized rash. 

RESPIRATORY: Bronchospasm (predominantly in patients with pre- 

existing bronchospastic disease), respiratory failure. ENDOCRINE: 
Masked symptoms of hypoglycemia in insulin-dependent diabetics (see 
WARNINGS). SPECIAL SENSES: Signs and symptoms of keratitis, 
blepharoptosis, visual disturbances including refractive changes (due to 
withdrawal of miotie therapy in some cases), diplopia, ptosis. Other reac- 
tions associated with the oral use of non-selective adrenergic receptor 
blocking agents should be considered potential effects with ophthalmic 
use of these agents. 
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5 TAN Il—The Omnibus Budget Reconciliation Act of 
1989 (OBRA 89) contains three new Medicare program 
changes. It also has a new payment schedule, based on a 
resource-based relative value scale (RBRVS) and a Medicare 
Volume Performance Standard.” 

~The Medicare program changes are to be implemented 
‘between September 1, 1990, and January 1, 1991, and are as 
follows: 

è Effective September 1, 1990, physicians and other Medi- 
care part B providers will be required to complete and submit 
‘claim forms for services provided to Medicare patients, re- 
gardless of assignment status. Claims must be submitted 
¿within 1 year after the date of service, and no charge may be 
‘imposed for completing and submitting claims. Payment on 
-assigned claims that are not submitted within 1 year will be 
‘reduced by 10%. Physicians and other part B providers who 
do not complete and submit claims on behalf of their Medicare 
„patients may be subject to sanctions. 

E Beginningin late October 1990, Medicare carriers (insur- 
ance companies that have contracted with the Health Care 
Financing Administration [HCFA] to process Medicare 
claims for the HCFA) will begin to monitor and profile physi- 
cians’ practice patterns within each area or locality and pro- 
vide comparative data to physicians whose utilization pat- 
terns vary significantly from those of other physicians in the 
same area and specialty. Physicians who significantly exceed 
“normal” practice patterns will receive an “educational” let- 
„ter. offering an opportunity to meet with carrier staff to 
discuss the patterns in question and to provide information to 
“support their utilization profile. Estimates by HC FA staff are 
t approximately 1% of all physicians will receive profile 
ars. Physicians with “atypical” patterns for three consecu- 
-tive 6-month cycles may be subject to intensive postpayment 
review. 

è Effective January 1, 1991, “nonparticipating” physicians 
with 1990 maximum allowable actual charges (MAACs, the 
fees the physician charged for a procedure during the previ- 
ous year) that were less than or equal to 125% of their 1990 
prevailing charge levels will be limited to charging the same 
percentage above their 1991 prevailing charge levels as they 
charged in 1990. Physicians with 1990 MAACs that were 
greater than 125% of their 1990 prevailing charge levels will 
be limited to charging 125% of their 1991 prevailing charge 
levels.’ 

a - When asked about these changes in OBRA 89, Alan Jensen, 
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the American Academy of Ophthalmology (AAO), Cor 
mented that the AAO is not opposed to the claim completi 
and submission section of OBRA 89 since, in his estimatio 
great majority of physicians are already performing | this tas 
He explained that the AAO anticipated the monitoring a 
profiling of physician practice patterns and has already deve 
oped practice guidelines. He said that the AAO is mc 
cerned with who is developing the guidelines and hopes th 
specialty societies will be involved. The AAO 
balance billing limits (the physician bills the pati 
cost of the procedure that is not paid by Medicare) a andr i- 
tory assignment, but, he adds, “we are also opposed to physi 
cians taking advantage of their patients.” . 
The American Medical Association (AMA) redits that for 
Medicare “participating” physicians and for those physicians : 
who accept Medicare assignments most of the time, the im- - 
pact of the requirement for completion of mandatory claim _ 
forms should be negligible, For those physicians who accept - 
Medicare assignments less frequently, however, the require- 
ment may be costly and disruptive. To counter this problem, — 
the AMA has drafted legislation to repeal the claim form- 
completion provision of OBRA 89. The legislation (HR 4772) 
was introduced in May 1990 by Rep Joe Kolter (D, Pa) and has - 
been jointly referred to the House Energy and Commerce 
Committee and Ways and Means Committee. A Senate spon- 
sor for the bill is still being sought. z 
Another concern of the AMA is that profiling of physicians : 
could become overly punitive and intrusive. To avoid this - 
negative result, the AMA will continue to scrutinize the — 
development of profiling criteria and carrier instructions by = 
the HCFA. ae 
Limits on physicians’ abilities to determine charge levels 
for their services have always been opposed by the AMA. In |. 
this particular instance, the AMA believes that initiating such. ~ 
strict balance billing limits prior to the implementation of the 
new Medicare RBRVS-based payment system is especially _ 
unjustified and will create unintended payment inequities .. 
among physicians. The AMA is seeking a legislative remedy 
to delay the implementation of the new limits until 1992. | 
JULIE FOREMAN — 
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Book Reviews 


Edited by Daniel M. Albert, MD 


ABC of Eyes, by A. R. Elkington and P. 
T. Khaw, 55 pp with illus, London, En- 
gland, British Medical Association House, 
1988, $21 (include postage by air 
abroad). 


In this paperback monograph, Elk- 
ington and Khaw have succeeded in 
providing general practitioners with 
“guidance on when to refer to a spe- 
cialist, and how urgently.” In addition, 
the book is concise and well written 
and provides a practical introduction 
to ophthalmology for medical stu- 
dents, optometric students, and 
nurses. 

The 12 chapters contain more than 
120 color illustrations. The book fol- 
lows a logical sequence beginning with 
“history and examination.” Subse- 
quent chapters cover the fundamental 
ophthalmic disorders, including red 
eye, eyelid disease, ocular injuries, 


“... written for the nonophthal- 
mologist with specific recommen- 
dations for referral.” 





acute visual disturbances, cataracts, 
refractive errors, the glaucomas, grad- 
ual visual loss, and strabismus. The 
final two chapters on systemic and 
nervous system disease and the eye are 
brief, but informative. 

The first five chapters are an excel- 
lent introduction to the basic approach 
to patients requiring acute ophthalmic 
care. In particular, the chapter on red 
eye is very well illustrated, with 22 
clinical photographs; it contains de- 
tailed descriptions of infectious and 
inflammatory diseases. The chapters 
on injuries and acute visual distur- 
bances are clear and nicely illustrated. 
The importance of referring patients 
with alkali injuries, perforating trauma, 
and vitreous hemorrhage is emphasized. 

The next five chapters focus on 
chronic disorders and the glaucomas. 
The chapter on cataract clearly de- 
scribes intracapsular and extracapsu- 
lar extraction techniques with clinical 
illustrations, although no mention is 
made of phacoemulsification. Intraoc- 
ular lenses are described, as are the 
postoperative difficulties encountered 
in those patients requiring aphakic 
spectacles and/or contact lenses. The 
importance of prompt evaluation and 
treatment of the pediatric cataract to 
minimize amblyopia is discussed. The 


glaucoma chapter is well organized 
and succinct, with excellent illustra- 
tions. 

The last section deals with ocular 
findings in systemic and nervous sys- 
tem disease. The chapter on general 
medical disorders and the eye is a dis- 
cussion of ocular changes associated 
with diabetes mellitus, hypertension, 
thyroid disease, rheumatoid arthritis, 
sarcoidosis, and acquired immunode- 
ficiency syndrome. The section on the 
different diabetic retinopathies is ex- 
cellent. 

The book is written for the nonoph- 
thalmologist, with specific recommen- 
cations for referral for ophthalmic 
evaluation of scleritis, corneal ulcer, 
angle-closure glaucoma, herpes kera- 
titis, and retinal detachment. Other 
important principles include warnings 
concerning the use of steroids and top- 
ical anesthetics, the need for referral 
of all suspected cases of ocular perfo- 
ration, and the prompt evaluation and 
treatment of orbital cellulitis in the 
pediatric population. 

The only disadvantage of the book is 
its size. It would be more useful as a 
pocket-sized volume, rather than its 
present 8% X 12-in format. The color 
photographs are first-rate, although 
their small size does occasionally com- 
promise the details. For example, in 
chapter 2, the photographs of epi- 
scleritis and scleritis appear quite sim- 
ilar, and the dendrite is difficult to ap- 
preciate in the corneal ulcer section. 
Nonetheless, this book is highly ree- 
ommended and very easy to use; it 
contains a thorough index. 

This is a well-organized and succinct 
monograph, with beautiful illustra- 
tions that would prove useful to gen- 
eral practitioners, family practition- 
ers, and pediatricians. After a clerk- 
ship in ophthalmology, this excellent 
reference would be a valuable resource 
for the medical student, house officer, 
optometric student, and nurse. 

MARK S. HuGHEs, MD 
Boston, Mass 


The Vitreous: Structure, Function 
and Pathobiology, by J. Sebag, 173 pp 
with illus, New York, NY, Springer-Verlag 
NY inc, 1989, $69. 


The Vitreous is a timely compen- 
dium of much of the world’s knowledge 
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about the vitreous. The book is a rich 
mosaic of the author’s substantial per- 
sonal experience and research, and ob- 
servations from clinicians and scien- 
tists around the world. Sebag success- 
fully blends historic observations and 
hypotheses with current data based on 
advanced laboratory methods of ul- 
trastucture, biochemistry, and cell bi- 
ology. The foreword by Charles L. 
Schepens properly highlights the 
book’s valuable features, including ex- 
tensive bibliographies and a balanced 
treatment of most subjects presenting, 
and reconciling when possible, differ- 
ent data and opinions from different 
investigators. 

The book is divided into seven major 
sections, with the first four dealing 
with the basic embryology, biochemis- 
try, and structure of the vitreous. In 
these chapters, old data and classic 


“.. successfully blends historic 
observations and hypotheses with 
current data...” 





ideas are reviewed, but supporting or 
modifying data are presented from 
current research using advanced labo- 
ratory methods. Section 5 is a fasci- 
nating discussion of the functions of 
the vitreous, although the reader is left 
with the mixed impression that the 
several functions are complex, inter- 
related, and yet incompletely under- 
stood. Section 6 deals with develop- 
ment and aging of the vitreous and is, 
in my opinion, the most thorough dis- 
cussion of this subject yet written. 
Section 7 makes up about one third of . 
the book and deals with vitreous 
changes in a wide range of disease 
states, including the response to sur- 
gical intervention. The very nature 
and diversity of the subject matter re- 
quire that many topics be treated in- 
completely. While the text contains an 
enormous amount of data, the labora- 
tory observations, clinical data, and 
opinions of prior authors cannot be 
satisfactorily reconciled for many top- 
ics. 

The Vitreous is a unique and wel- 
comed resource for both clinicians and 
basic research scientists. Its greatest 
strengths are the synthesis of a wide 
scientific knowledge base, the author’s 
broad personal experience, and impor- 
tant illustrations in the first half of the 
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text, Difficulties arise from the fact 
that anatomic and biochemical data 
must be drawn from different species, 
and that the scope of the text does not 
permit. more thorough treatment of 
many conditions in the section on 
pathobiology of the vitreous. Still, The 
Vitreous is the most valuable single 
source available on the subject and is 
enthusiastically recommended for all 
readers with a primary interest in the 
vitreous or those disease states involv- 
ing the vitreous. 

RonALD G. MICHELS, MD 

Baltimore, Md 


Current Therapy in Ophthalmic Sur- 
gery, edited by George L. Spaeth, Jay L. 
‘Katz, and Kenneth W. Parker, 352 pp with 
black-and-white illus, Philadelphia, Pa, 
BC Decker Inc, 1989, $81.50. 


Current Therapy in Ophthalmic 
Surgery is a significant undertaking. 
Due to the extensive amount of new 
knowledge in the field, it is perhaps an 
unattainable challenge to keep this 
publication within the bounds of a 
single, 352-page volume. However, 
the editors have assembled an im- 


| . fulfills its goa) for anterior 
segment surgery. . 







pre ive group of authors to meet this 
; t goal. The editors are to be 
| mended for carefully picking a 
‘representative group of contributors 
‘who offer a wide range of regional di- 
versity, experience, and interests. 
They provide a blend of highly infor- 
mative reading. 

_ From the first to the last page they 
stress what is current. In the initial 
chapter on anesthetic agents, the au- 
thors discuss the newer peribulbar 
techniques and pharmacologic agents 
_for local and general anesthesia. In the 
: chapter, the contributors provide 
ormation on endophthalmitis, in- 
ding the newest antibiotics and ma- 

















yn the status of the controversy 
; egarding primary and delayed vitrec- 


“Some chapters, such as Peter Savi- 
no's “Sudden Loss of Vision,” have 
been published in their entirety else- 
where, and, therefore, are not entirely 
consistent with the volume’s promise 
_that “currency and practicality are the 
-keynotes of this volume.” However, 
most. of the contributions are very 
“much in keeping with this stated goal. 
The section on refractive surgery is 
_ especially up to date and complete. It 
‘begins with some mathematical expla- 
‘nations that could be deciphered even 
by a retinal surgeon. The section is well 
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illustrated and documented. Material 
is presented with objectivity and ap- 
pears to provide adequate guidelines to 
help a surgeon evaluate his or her own 
technique and results. There is, how- 
ever, an omission of any discussion of 
excimer laser treatment for refractive 
surgery. Perhaps there is simply not 
enough material available for this pre- 
sentation, but some mention seems 
needed. 

The posterior segment approaches 
to refractive problems are also dis- 
cussed, but this section lacks the ob- 
jectivity that characterizes the corneal 
dissertation. The presentation of pos- 
terior problems, in general, lacks the 
the anterior segment chapters. The 
description of lamellar dissection and 
diathermy in primary retinal detach- 
ment surgery is certainly of historic 
value, but I doubt that it could be con- 
sidered by most vitreoretinal surgeons 
as “current therapy.” The section on 
surgery for recurrent retinal detach- 
ment is state of the art, although con- 
troversial topics, such as endocryo- 
therapy and indirect laser therapy, are 
omitted. 

Current Therapy in Ophthalmic 
Surgery fulfills its goal for anterior 
segment surgery and serves as an ex- 
cellent resource for the newest and 
controversial aspects of these special- 
ties. However, the posterior segment is 
not well served. This book should be in 
the libraries of ophthalmic surgeons 
for reference and enlightened reading. 
I hope it is the editors’ plan to update 
it frequently and, in the process, im- 
prove the posterior segment sections. 

ARTHUR I. GELTZER, MD 
Providence, RI 


Oculoplastic and Orbital Emergen- 
cies, edited by John V. Linberg, 226 pp 
with illus, East Norwalk, Conn, Appleton & 
Lange, 1989, $39.95. 


Oculoplastic and orbital emergen- 
cies often provoke great discomfort 
and anxiety among general ophthal- 
mologists. Such patients arrive at the 
emergency room at odd and inconve- 
nient hours with disorders sometimes 





. imposes order on the all too 
often chaotic nature of such emer- 
gencies.” 





quite different from those that were 
described over the telephone. The his- 
tory is often confusing, the examina- 
tion results are ambiguous, the differ- 
ential diagnosis is encyclopedic, the 
need for further studies is uncertain, 
and the working diagnosis is tenuous. 


Oculoplastic and Orbital Emergen- 
cies imposes order on the all too often - 
chaotic nature of such emergencies. | 
This slim hardbound volume contains. 
16 helpful chapters written by various 
authors. The discussions outline the 
practical management of most adnexal 
emergencies and periorbital fractures. 
Computed tomographic scans, line 
drawings, and clinical photographs en- 
hance the text. In addition, 11 chapters 


include management algorithms, 
which summarize the decision-making 
process. 


The best chapters of the book discuss 
the orbital apex syndrome, blowout 


fractures, orbital foreign bodies, and 


periorbital animal bites. The editor, 
John V. Linberg, deserves credit for 
insisting that each chapter succinctly 
emphasize the practical aspects of 
management, ie, antibiotic selection, 
dosage, and indications; limitations of 
radiologic imaging; appropriate con- 
sultations; priority of repairs; tetanus 
prophylaxis; and timing of interven- 
tion. 

The book has a few weaknesses. For 
example, clear-cut guidelines are not. 
offered for the management of orbital . 
arteriovenous malformations, and — 
rheumatologic consultation is not ex- 
plicitly urged for patients with Wege- 
ner’s granulomatosis. 

On the whole, however, this textbook 
offers the practitioner clear and con- 
cise discussions and guidelines for 
managing oculoplastic and orbital 


emergencies. The chapters are short, - 


lucidly designed, and useful for quick 


review. Keep this volume handy, along | he 


with spare fuses, a penlight, two >` 

dimes, and a city map; itis good enough 

to deserve to be in the glove box. 3 
JEMSHED A. KHAN, MD 
Kansas City, Kan 
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Night Vision Current Research and Future 
Directions, Symposium Proceedings, by Working 
Group on Night Vision, Committee on Vision (National 
Research Council), and Commission on Behavioral 
and Social Sciences and Education, 335 pp, Wash- 
ington, DC, National Academy Press, 1987. 
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Decker Inc, 1989. 
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} ed by Stewart Mackay Wolff, MD 


_ Therapid and complex advances in ophthalmic science make it 
T dificult to stay abreast of the many changes that are occurring in 
our specialty. The ARCHIVES solicits your questions, therefore, and 
ie requests that they be clearly stated and reasonably focused. Names 
` < of submitters will be published if the authors wish. Please limit your 
oe questions to six double-spaced lines and follow the guidelines put 
forth in our Instructions for Authors (readily found in any 
even-numbered issue of the ARCHIVES). A signed copyright trans- 
<o mittal letter to the AMA should accompany all submissions. Ques- 
` tions should be sent to Stewart M. Wolff, MD, 11 E Chase St, Bal- 
- timore, MD 21202. 





























` Patient With AIDS Presents With Keratoconjunctivitis 





| A patient known to be human immunodeficiency virus 
positive presents with keratoconjunctivitis. What is the 
appropriate management? 


TEE Acquired immunodeficiency syndrome (AIDS) does 
| A not appear to predispose to bacterial keratitis, but 
~ once established, these infections may be particularly se- 
vere and more likely to cause perforation.' Fungal keratitis 
ean occur in patients with AIDS without the history of 
_ trauma, steroid use, or blepharitis typically present in kera- 
-titis i in patients without AIDS. Whereas herpes simplex 
_keratitis does not seem to occur with higher frequency in 
‘patients with AIDS, it can take a prolonged and indolent 
- course in those patients affected. A coarse, superficial ep- 
ithelial keratitis with minimal conjunctival reaction has 
_ recently been noted in patients with AIDS due to infection 
© with the protozoal parasite Microspora, Encephalitozoon 
— cuniculi’ 
-.. For these reasons, microbial cultures of the ocular sur- 
face are indicated in patients with keratoconjunctivitis who 
are known to be infected with human immunodeficiency 
Virus. Patients should be treated with broad-spectrum top- 
‘ical antibiotics, which can then be modified, if necessary, 
-pending the results of culture. In one series, a self-limiting 
- nonpurulent conjunctivitis of unknown cause was reported 
<- in 3 (10%) of 30 patients with AIDS. Reiter’s syndrome, 
> which can be another cause of conjunctivitis in patients 
„with AIDS, may be less responsive to nonsteroidal anti- 
inflammatory drugs than in nonimmunocompromised 
‘hosts.*’ Finally, in evaluating human immunodeficiency vi- 
-rus-infected individuals with a red eye, it is important to 
‘note that aqueous tear deficiency as well as primary Sjö- 
© gren’s syndrome are common ophthalmic manifestations of 
AIDS and AIDS-related complex’ that are amenable to 
standard forms of therapy. 
JAY S. Peposre, MD, PHD 
St Louis, Mo 
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Diagnosis and Treatment of Fungal Keratitis 


Q How does the ophthalmologist diagnose and treat fungal 
keratitis? 


Recognition of fungal keratitis begins with a high 
A index of suspicion. The ophthalmologist should sus- 
pect keratomycosis when corneal ulceration follows ocular 
trauma involving organic matter, eg, wood. Filamentous 
fungal keratitis occurs under these circumstances in pre- 
viously healthy individuals without preexisting eye disease. 
It also occurs more frequently in warmer climates. Candida 
and other yeast infections usually develop in the presence 
of preexisting chronic corneal disease or in an immuno- 
compromised or debilitated patient. Topical corticosteroids 
potentiate fungal infection and are often in use at the time 
the diagnosis is made. 

The clinical appearance of fungal keratitis varies with the 
infectious agent and with the stage of disease. The fila- 
mentous fungal ulcer is typically surrounded by a feathery, 
“hyphate” stromal infiltrate. The dry, gray-white ulcer may 
be elevated above the surface of the cornea. Satellite lesions, 
ring infiltrate, endothelial plaque, or hypopyon may also be 
present but are less specific signs. 

The ulcer base should be scraped for Gram’s and Giemsa 
staining to look for hyphal elements. Potentially more re- 
liable are calcofluor and ink-potassium hydroxide prepa- 
rations. A modified Gomori methenamine silver staining 
has also been described. The use of fluorescein-conjugated 
lectins reportedly provides rapid visualization and identi- 
fication of fungi in ocular infections. 

Culture of the organism is desirable. Sabouraud’s agar 
with gentamicin (and without cycloheximide) and/or blood 
agar should be inoculated and incubated at room temper- 
ature. Cultures should be held for 3 weeks, although growth 
usually occurs in the first week. In some patients, the hyphal 
elements are more posterior in the stroma and cannot be 
recovered on routine scraping. When fungal infection is still 
suspected, corneal biopsy is recommended. | 

Because of drug toxicity and the need for prolonged treat- 
ment, antifungal agents are generally not introduced until 
a definitive diagnosis is made. Hourly topical natamycin 
(5% ) is the best initial choice for treatment of filamentous 
fungal keratitis. Amphotericin B (0.15% ) is recommended 
for yeast infections, although some clinicians prefer to start 
with natamycin regardless of the type of fungus. Topical 
miconazole (1% ) is a useful alternative to amphotericin B. 
A topical cycloplegic agent should also be included in the 
treatment regimen. Antifungal treatment is continued for 
at least 6 weeks. Debridement of superficial necrotic ma- 
terial within the ulcer bed is a useful adjunct to medical 
treatment. Therapeutic penetrating keratoplasty may be 
required if the ulceration progresses despite medical treat- 
ment. 7 
ROBERT 8. FEDER, MD 
Chicago, Ill 


Questions and Answers 





News and Comment 


Alfred Sommer, MD, MHSc, Named 
Dean.— Alfred Sommer, MD, MHSc, has 
been appointed dean of The Johns 
Hopkins School of Hygiene and Public 
Health, Baltimore, Md, effective Sep- 
tember 1, 1990. Dr Sommer will direct 
the oldest school of public health in the 
country and the largest worldwide, 
with 300 full-time faculty members, 
more than 1000 students, and an an- 
nual budget in excess of $120 million. 
The preeminent research and educa- 
tional institution of its type, it awards 
one quarter of all doctorate degrees in 


Alfred Sommer, MD, MHSc 





public health. Dr Sommer is presently 
director of the Dana Center of Preven- 
tive Ophthalmology and professor of 
Ophthalmology at Johns Hopkins’ 
Wilmer Institute. He will continue to 
direct the Center until a successor is 
selected and will retain his faculty ap- 
pointment at Wilmer. From its incep- 
tion, the Dana Center has been a joint 
undertaking of the Wilmer Institute 
and the School of Hygiene and Public 
Health. 


Dale R. Meyer, MD, Appointed Assis- 
tant Professor.—Dale R. Meyer, MD, 
has been appointed assistant professor 
in the Department of Ophthalmology 
and director of the Ophthalmic Plastic 


Dale R. Meyer, MD 





and Orbital Surgery Service at Albany 
(NY) Medical College. Dr Meyer com- 
pleted his ophthalmology residency at 
the Greater Baltimore (Md) Medical 
Center and did his oculoplastic and or- 
bital surgery fellowships at West Vir- 
ginia University and Oregon Health 
Sciences University. 


John D. Sheppard, MD, Named Direc- 
tor of Residency Training.—John D. 
Sheppard, MD, has been named direc- 
tor of residency training for the De- 
partment of Ophthalmology at the 
Eastern Virginia Medical School, Nor- 
folk. Dr Sheppard is currently serving 
as director of the Uveitis Service and 
Ocular Microbiology Laboratory 
there. He is an assistant professor in 
the Department of Ophthalmology 
and the Department of Microbiology 
and Immunology. He completed his 
residency in Pennsylvania at the Eye 
and Ear Hospital of the University of 
Pittsburgh and did his fellowship 
training at the Francis I. Proctor Re- 
search Foundation at the University of 
California, San Francisco. 


Andrew W. Lawton, MD, Joins Louisi- 
ana State University Eye Center.—An- 
drew W. Lawton, MD, has joined the 
faculty of the Louisiana State Univer- 
sity Eye Center at the Medical Center 
of the LSU School of Medicine in New 
Orleans. He will serve as director of 
the Neuro-ophthalmology Service. Dr 
Lawton comes to the LSU Eye Center 
from the Estelle Doheny Eye Institute 
at the University of Southern Califor- 
nia in Los Angeles. 





Obituaries 


BURMAN, Daniel, 79, Detroit, Mich; 
Howard University College of Medi- 
cine, 1938; certified by the American 
Board of Ophthalmology; died August 
30, 1989. 

ELLIOTT, Arthur Charles, 88, Santa 
Ana, Calif; University of Kansas Med- 
ical Center, School of Medicine, 1936; 
residency, University of California- 
San Diego Medical Center, 1938; died 
February 11, 1990. 

GAMBA, Joseph William, 49, Toms 
River, NJ; University of Pennsylvania 
School of Medicine, 1966; residency, 
United Hospitals Medical Center, 
1970; certified by the American Board 
of Ophthalmology; died May 10, 1990. 
HARRINGTON, David O., 85, San Fran- 
cisco, Calif; University of California- 
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San Francisco School of Medicine, 
1931; certified by the American Board 
of Ophthalmology; died February 21, 
1990. 

PARKER, James Herbert, 76, Wyomiss- 
ing, Pa; University of Pennsylvania 
School of Medicine, 1940; residency, 
Wills Eye Hospital, 1949; certified by 
the American Board of Ophthalmol- 
ogy; died April 3, 1990. 

PERSING, Harry M., 80, Altoona, Pa; 
University of Pennsylvania School of 
Medicine, 1934; certified by the Amer- 
ican Board of Ophthalmology; died 
April 29, 1990. 

RADOS, Walter T., 63, Maplewood, NJ; 
Jefferson Medical College of Thomas 
Jefferson University, 1951; residency, 
Johns Hopkins Hospital, 1957; certi- 
fied by the American Board of Oph- 
thalmology; died May 12, 1990. 
RAMEY, Ralph, Jr, 57, Colorado 
Springs, Colo; University of Tennes- 


see, Memphis, College of Medicine, 
1963; residency, Wilford Hall US Air 
Force Medical Center, 1969; certified 
by the American Board of Ophthal- 
mology; died April 29, 1990. 
ROGERS, Joseph B., 77, Gulfport, Miss; 
Northwestern University Medical 
School, 1945; residency, Francis Scott 
Key Medical Center, 1946; certified by 
the American Board of Ophthalmol- 
ogy; died September 25, 1989. 
SCHILLER, Ian Michael, 47, Sacra- 
mento, Calif; University of California, 
San Francisco, School of Medicine, 
1972; certified by the American Board 
of Ophthalmology; died January 1, 
1990. 

SOMERS, Kenneth, 81, Silver Spring, 
Md; Loma Linda University School of 
Medicine, 1936; residency, Fitzsimons 
Army Medical Center, 1953; certified 
by the American Board of Ophthal- 
mology; died April 17, 1990. 
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Aldose Reductase Inhibition 


The Chemical Key to the Control 
of Diabetic Retinopathy? 


i 1959, the British biochemist Ruth van Heyningen’ 

reported that the cataractous lenses of diabetic 
rats contain high concentrations of the sugar alcohol 
sorbitol, which is produced by reduction of the alde- 
hyde group of glucose. Later work by Kinoshita *° 
demonstrated that the sorbitol is produced by the ac- 
tion of an enzyme, aldose reductase. Cataractogenesis 
by sugar alcohols was demonstrated more strikingly 
in nondiabetic animals fed galactose whose sugar al- 
cohol, galactitol, unlike sorbitol, cannot be further 
oxidized to a keto sugar by sorbitol dehydrogenase. 
Hence, galactitol builds to high levels intracellularly 
faster than sorbitol, producing the same effects, but 
more rapidly. 


See also pp 1234 and 1301. 


Cataracts were the first complication of diabetes to 
be attributed to the “sorbitol pathway.” As more in- 
vestigators began to explore this pathway, the com- 
plexity of the chemical reactions affected by sugar al- 
cohols was found to be greater than anticipated, as 
was the number of complications of diabetes for 
which sorbitol might play a major causal role.** In 
particular, the sorbitol pathway was linked to the 
pathogenesis of diabetic neuropathy and diabetic 
retinopathy. 

Aldose reductase activity was first reported in the 
retina several years ago by Gabbay,’ and sorbitol for- 
mation from glucose was described somewhat later in 
cultured retinal microvascular pericytes, the cells 
whose disappearance is the first histologic sign of di- 
abetic retinopathy.’ Subsequently, we, as well as W. 
Gerald Robison and associates from Kinoshita’s 
group" reported that galactosemic rats develop 
marked thickening and other abnormalities of their 
retinal capillary basement membranes that are vir- 
tually identical to the basement membrane changes 
that have been observed in humans with diabetes.” 
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These abnormalities could be prevented by aldose re- 
ductase inhibitors (ARIs).!°"'"> However, the connec- 
tion between basement membrane thickening in dia- 
betes (a lesion that had first been described in the hu- 
man ciliary body by Jones Friedenwald") and diabetic 
retinopathy was unclear. A direct connection between 
the sorbitol pathway and clinical or histologic abnor- 
malities that all clinicians would accept as diagnostic 
of diabetic retinopathy was needed. 

The first steps toward making this connection were 
provided by Engerman and associates’*"* who, follow- 
ing initial reports by others,'""* clearly demonstrated 
that dogs with diabetes of 4 to 5 years’ duration de- 
velop pericyte dropout, acellular capillaries, microan- 
eurysms, intraretinal microvascular abnormalities, 
and retinal hemorrhages that appear identical to 
those seen in humans with diabetes of similar dura- 
tion. The severity of these lesions could be greatly di- 
minished by maintaining the animals in strict glucose 
“control.” In subsequent experiments, Engerman 
and Kern” showed that identical retinal microvascu- 
lar lesions could be produced in nondiabetic dogs that 
had been fed a diet containing 30% galactose for 4 
years. However, Engerman and Kern did not treat 
galactose-fed dogs with ARIs to see if these drugs 
could retard or prevent the abnormalities. 

In the August 1988 issue of the ARCHIVES, Kador 
and associates” presented preliminary data demon- 
strating just such results. They found that they could 
substantially delay the development of pericyte drop- 
out in the retinal capillaries of dogs fed a 30% galac- 
tose diet together with the ARI sorbinil. In this issue 
of the ARCHIVES, Kador et al” describe still more 
striking results that appear to imply a causal role for 
the sorbitol pathway in diabetic retinopathy, namely, 
the delay of development, by ARI administration, of 
capillary acellularity, microaneurysm formation, and 
intraretinal hemorrhages in chronically galactosemic 
dogs. These are more advanced lesions that every 
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ophthalmologist will recognize as hallmarks of dia- 
betic retinopathy. However, another report in this 
issue” demonstrates that the role of aldose reductase 
in the pathogenesis of diabetic retinopathy is still not 
established. Reporting on the first trial of an ARI for 
preventing the development or progression of dia- 
betic retinopathy in humans, the Sorbinil Retinopa- 
thy Trial Research Group concludes that “...it is 
unlikely that sorbinil administered at a dosage of 
250 mg daily for 3 years has a clinically important ef- 
fect on the course of retinopathy in adults with insu- 
lin-dependent diabetes of moderate duration.” 

What can we conclude from these apparently 
widely divergent results? To this writer the results of 
the many published studies on animals with labora- 
tory-induced diabetes or galactosemia are tremen- 
dously impressive. Both diabetes and galactosemia, if 
they are of sufficient duration, produce histologic le- 
sions of the retinal vasculature in dogs and, appar- 
ently, in rats”? that are identical to those in humans 
with diabetic retinopathy, and the development of the 
lesions in galactosemic animals appears to be slowed 
or prevented by ARIs. It is of course true that the ab- 
normalities that have been observed in animal retinal 
vessels through the microscope would be considered 
clinically early manifestations of diabetic retinopa- 
thy in humans. 

Retinal capillary microaneurysms and small intra- 
retinal hemorrhages are barely detectable ophthal- 
moscopically, while the presence of acellular capil- 
laries, if they are sufficiently extensive, may be 
implied from fluorescein angiographic evidence of 
nonperfusion. Pericyte dropout is probably unrecog- 
nizable to the clinician. Yet even these abnormalities 
require at least 4 years of hyperglycemia or galac- 
tosemia to develop in dogs. Similarly, the earliest 
clinically detectable signs of diabetic retinopathy do 
not develop in humans with type I diabetes until ap- 
proximately 5 years after onset of the disease,” and 
more severe lesions require much longer. Prolifera- 
tive retinopathy has never been observed in dogs, al- 
most surely because of the limited lifespans of these 
animals. 

These considerations are important in assessing 
the negative result of the Sorbinil-Retinopathy 
Trial.” As the above discussion suggests, insufficient 
study duration is a major factor that might have af- 
fected this outcome. Four hundred six subjects com- 
pleted the planned 30-month follow-up, but only 125 
were followed up for 48 months, the time at which 
differences in the number of microaneurysms per eye 
reportedly first became evident between galactosemic 
dogs that were fed ARIs and those that were not.” 
Interestingly, the only differences that might have 
been present between the study groups in the Sorbi- 
nil Retinopathy Trial were differences in microaneu- 
rysm counts, perhaps analogous to the results in ga- 
lactosemic dogs reported by Kador et al,” but not 
likely to be considered clinically important by most 
ophthalmologists. A much longer follow-up might 
have produced a more definitive outcome. 

By way of comparison, the three published con- 
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trolled clinical trials of “tight” blood glucose control 
in the prevention of diabetic retinopathy have pro- 
duced negative results, but they have not gone beyond 
2 years’ duration.” A much larger study of the role 
of blood glucose control in the development of reti- 
nopathy and other complications of diabetes, the Di- 
abetes Control and Complications Trial,” has enrolled 
more than 1400 subjects, most of whom have now been 
followed up for at least 3 years, and at least 2 more 
years of follow-up are planned. Because the compli- 
cations of diabetes are very chronic, if a trial of any 
proposed therapy designed to prevent the develop- 
ment or progression of complications is of insufficient 
duration, a definitive result may not be obtained. In 
some cases, such as the Diabetic Retinopathy Study”! 
and the Karly Treatment Diabetic Retinopathy 
Study,” a highly significant positive result was ob- 
tained after most patients had been followed up for 
only 3 years, even though 5-year studies had been 
planned. These were, however, extremely fortunate 
outcomes, and in the case of the Early Treatment Di- 
abetic Retinopathy Study, 3 years of follow-up was 
sufficient to answer only one of the several questions 
initially posed, while the others required the full 
5-year follow-up. 

A second possible explanation for the negative out- 
come of the Sorbinil Retinopathy Trial is a relative 
lack of potency of the inhibitor. In both dogs and hu- 
mans, this drug lowers the sorbitol level in erythro- 
cytes. However, its plasma half-life is short in dogs”! 
and it may not reach the target tissue (the retina) in 
dogs or humans in sufficient concentrations to be 
clinically effective. Kador et al” use this argument as 
a possible explanation of their positive results in ga- 
lactosemic dogs fed a combination of sorbinil in 
higher and more frequent doses, together with 
M79175, a more potent and longer-lived inhibitor in 
comparison with the negative results of a similar 
study by Engerman and Kern,® which used sorbinil at 
lower doses in galactosemic dogs. 

It is unlikely that sorbinil will ever be used clini- 
cally. Nearly 7% of the initial 202 subjects given this 
drug experienced hypersensitivity reactions, some of 
which were severe, and there has been a similar ex- 
perience in the European sorbinil trial.” The percent- 
age of hypersensitivity reactions decreased following 
the initiation of an altered protocol in which the dose 
of the drug was first titrated, but even in this second 
group of subjects, 4.4% developed such reactions 
within the first 3 months of therapy. This is, of course, 
unacceptable for a drug that must be taken by large 
numbers of individuals as prophylaxis for a disorder 
that may never occur to a degree that threatens 
vision. However, other ARIs are in development and 
one, tolrestat, is currently undergoing a very large- 
scale (more than 45 clinics in the United States and 
Canada and more than 3000 subjects), controlled 
clinical trial that is planned to last 4 to 6 years. Be- 
cause tolrestat has a completely different chemical 
structure than sorbinil,’ it may be less likely to pro- 
duce hypersensitivity reactions. M79175 is structur- 
ally very similar to sorbinil, but its greater potency 
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‘permits it to ‘be administered { in much lower doses,” 
and this might result in greater patient safety. 

Kii -Investigations by many scientists during the past 
3 years. have established the ARIs as the most 
‘promising drugs ever developed for the prevention of 
retinopathy and, possibly, other complications of di- 
_abetes. The report by Kador et al” in this issue adds 
‘to that promise. The negative outcome of the Sorbinil 
‘Retinopathy Trial is discouraging but is far from 
-conclusive proof that the ARIs are ineffective. We 
await the results of the Tolrestat Trial and studies 
with other ARIs under development with the great- 
est interest. 










ROBERT N. FRANK, MD 
Detroit, Mich 


References 







t Van Heyningen R. Formation of polyols by the lens of the rat 
-with ‘sugar’ cataract. Nature. 1959;184:194-195. 
2, Kinoshita JH. Cataracts in galactosemia. Invest Ophthalmol. 
; 1965; 5:786-789. 
- 8. Kinoshita JH. Mechanisms initiating cataract formation. In- 
vest Ophthalmol. 1974;13:713-724. 
4. Gabbay KH. The sorbitol pathway and the complications of 
diabetes. N Engl J Med. 1973;288:831-836. 
_ 5, Kador PF, Kinoshita JH. Role of aldose reductase in the de- 
“velopment of diabetes-associated complications. Am J Med. 1985; 
“79(suppl 5A):8-12. 
6. Greene DA, Lattimer SA, Sima AAF. Sorbitol, phosphoinosi- 
tides, and sodium-potassium-ATPase in the pathogenesis of dia- 
betie complications. N Engl J Med. 1987;,316:599-606. 
OT. Gabbay KH. Purification and immunological identification of 
ine retinal aldose reductase. Isr J Med Sci. 1972;8:1626-1630. 
. Buzney SM, Frank RN, Varma SD, Tanishima T, Gabbay KH. 
0 oe pata in retinal mural cells. Invest Ophthalmol Vis Sci. 













rns, TV. diabetic le gor Arch EREN 1961;66:366-378. 
- "30. ‘Frank RN, Keirn RJ, Kennedy A, Frank KW. Galactose-in- 
“duced retinal capillary basement membrane thickening: preven- 
tion by Sorbinil. Invest Ophthalmol Vis Sci. 1983;24:1519-1524. 
11. Robison WG Jr, Kador PF, Kinoshita JH. Retinal capillaries: 

basement membrane thickening by galactosemia prevented with 
_aldose reductase inhibitor. Science. 1983;221:1177-1179. 
_ 12. Caird FI, Pirie A, Ramsell TG. Diabetes and the Eye. Boston, 
Mass: Blackwell Scientific Publications Inc; 1969:37-58. 

13. Robison WG Jr, Kador PF, Akagi Y, Kinoshita JH, Gonzalez 
“R; Dvornik D. Prevention of basement membrane thickening in 
: retinal capillaries by a novel inhibitor of aldose reductase, tol- 
+ restat. Diabetes. 1986;35:295-299. 
Friedenwald JS. A new approach to some problems of reti- 
ascular disease. Am J Ophthalmol. 1949;32:487-498. 
Engerman RL, Bloodworth JM. Experimental diabetic reti- 
shy in dogs. Arch Ophthalmol. 1965;73:205-210. 
6. Engerman RL, Bloodworth JMB Jr, Nelson S. Relationship of 












a1—Vol 108, September 1990 


microvascular disease in diabetes to metabolic contr 1. Diabetes. 
1977;26:760-769. RT PE tae 1s 

17. Patz A, Maumenee AE. Studies in diabetic oe i 
retinopathy in a dog with spontaneous diabetes mellitus. Am J 
Ophthalmol. 1962;54:532-541. 

18. Hausler HR, Sibay TM, Campbell J. Retinopathy : ina y deg 
following diabetes induced by growth- hormone. Diabetes. 1964; 
13:122-126. 

19. Engerman RL, Kern T. perimental galactosemia produces 
diabetic-like retinopathy. Diabetes. 1984;33:97-100. 

20. Kador PF, Akagi Y, Terubayashi H, Wyman N 
JH. Prevention of pericyte ghost formation in retinal ca 
galactose-fed dogs by aldose reductase inhibitors. Arch Opht 
mol. 1988;106:1099-1102. a 

21. Kador PF, Akagi Y, Takahashi Y, et al. Preventa of Si 
vessel changes associated with diabetic retinopathy in galactose- 
fed dogs by aldose reductase inhibitors. Arch Ophthalmol. 1990; 
108:1301-1309. 

22. Sorbinil Retinopathy Trial Research Group. A randomized 
trial of sorbinil, an aldose reductase inhibitor, in diabetic retinop- 
athy. Arch Ophthalmol. 1990;108:1234-1244. 

23. Robison WG Jr, Nagata M, Laver N, Hohman TC, Kinoshiti 
JH. Diabetic-like retinopathy in rats prevented with an aldose re- 
ductase inhibitor. Invest Ophthalmol Vis Sci. 1989;30: 2285-2292 : 

24. Frank RN, Hoffman WH, Podgor MJ, et al. Retinopathy ; 
juvenile-onset diabetes of short duration. Ophthalmology. 1980; ; 
87:1-9. fees 
25. Palmberg P, Smith M, Waltman S, et al. The natural history a 
of retinopathy in insulin-dependent juvenile-onset diabetes. Oph- É 
thalmology. 1981;88:613-618. ee 

26. Klein R, Klein BEK, Moss SE, Davis MD, DeMets DL. The 
Wisconsin epidemiologic study of diabetic retinopathy, I: ‘preva-_ 
lence and risk of diabetic retinopathy when age at diagnosis is. less - 
than 30 years. Arch Ophthalmol. 1984;102:520-526. | 

27. Lauritzen T, Frost-Larsen K, Larsen HW, Deckert T, Steno 
Study Group. Two-year experience with continuous subcutaneou: 
insulin infusion in relation to retinopathy and neuropathy. Diabe 
tes. 1985;34(suppl 3):74-79. < 

28. Dahl-Jgrgensen K, Brinchmann-Hansen O, Hanssen’ KF 
Sandvik I, Aagenaes O, Aker Diabetes Group. Rapid tightening 
blood glucose control leads to transient deterioration of retinopa: 
thy in insulin dependent diabetes mellitus: the Oslo study. BMJ. 
1985;290:811-815. 

29. The Kroc Collaborative Study Group. Diabetic retinonathi 
after two years of intensified insulin treatment: follow-up of the 
Kroc collaborative study. JAMA. 1988;260:37-41. 

30. The DCCT Research Group. Diabetes Control and Complica: i 
tions Trial (DCCT): results of feasibility study. Diabetes Care. s 
1987;10:1-19. A 

31. Diabetic Retinopathy Study Research Group. Preliminar; 
report on effects of photocoagulation therapy. Am J Ophthalmol i 
1976;81:383-396. 

32. Early Treatment Diabetic Retinopathy Study ‘Researel 
Group. Photocoagulation for diabetic macular edema: Early Tre 
ment Diabetic Retinopathy Study Report number 1. Arch Ophthal 
mol. 1985;103:1796-1806. | 

33. Engerman RL, Kern TS. Retinal vasculature in. sorbi 
treated galactosemic dogs. Invest Ophthalmol Vis Set 1988 
30(suppl):139. 






























































- Special Article 





Scotopic Sensitivity Syndrome 


I n 1983 Helen Irlen’ described the scotopic sensitivity 
. syndrome (SSS) as a visual defect “related to diffi- 
culties with light source, glare, luminance, wave 


ia length, and black/white contrast.” Since that time, tint- 


ed lenses have been offered as remediation for SSS, 
which Irlen links to reading deficiency and poor aca- 


© demic performance. On two occasions since May 1988 


z the tinted lens treatment for SSS received national 
exposure on the television program “60 Minutes.” On 


= this program it was stated that specially prescribed 
_ tinted lenses may be an effective method for the treat- 


© ment of a variety of reading disorders, including 
- dyslexia. 

The Irlen system for treatment of SSS begins with a 
client who complains of one or more of a long list of 
symptoms, including eye fatigue, blinking, blurred vi- 
sion, difficulty with concentration, and skipping words. 
After being questioned about general health problems, 
clients are asked to respond to a series of visual stimuli. 
These include figure/ground determinations of geomet- 
ric figures, interpretation of printed material, judg- 
ment about positioning on musical scales, and interpre- 
tation of stylized figures. These tests determine 
whether the client suffers from SSS. 

Clients are then asked to read text through a series of 
tinted overlays used singly and in combination. The 
seven tints range from yellow through light blue to 
_ green. The individual is finally asked to select one tint 
_ that affords the most comfortable vision. About 50% of 


~- clients tested are found to have SSS and are offered a 
-© specifie tint for remediation. This group undergoes fur- 


= ther diagnostic testing at an Irlen Center, where a final 
tint is selected. Spectacles with the appropriate tinted 
= lenses are then made in Long Beach, Calif, and sent to 
< the client. Clients are urged to wear the lenses full time, 
_ but especially while reading. They are also urged to 
. return for follow-up testing and for a change in tint if 
_. Symptoms return. The initial screening, diagnostic 
_ testing, and prescription of spectacles with tinted 


lenses can cost between $300 and $500. 


© ` Media exposure, combined with the solicitation of 
_ school systems by advocates of the Irlen system re- 
questing that SSS evaluation and tinted lens therapy be 
ineluded in school programs, has prompted questions 
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about the validity of these methods in the treatment of 
reading disorders. Since vision and the use of spectacles 
are key elements in the SSS program, ophthalmologists 
are frequently asked to give opinions, but most have 
little awareness or understanding of the issues in- 
volved. Discussion of SSS is limited, for the most part, 
to education and psychology journals, and support for 
tinted lenses for the treatment of reading problems is 
mainly from testimony and anecdotes. 

Because of this searcity of information and in an effort 
to learn more about SSS and the eyes, the Orton Dys- 
lexia Society, Baltimore, Md, a national organization 
founded on the principles of Samuel Orton, MD, and - 
dedicated to fostering research and clinical care in the 
broad area of language disabilities, has sought informa- 
tion and clarification of the issues. To do this, a director 
of an Irlen center and I were invited by the Orton 
Dyslexia Society to discuss SSS, reading disability, and 
the eyes at its national meeting in December 1989. 

The most important conclusions arising from the dis- 
cussion can be summarized as follows: 

1. No basis exists for use of the word “scotopic” to 
describe individuals with reading difficulty. The pho- 
topic system served by the cones is used for reading. 

2. The founder of the Irlen Institute and discoverer of 
SoS, Helen Irien, described SSS in an oral presenta- 
tion. To my knowledge, details of the research that led ` 
to its discovery have never appeared in a peer-re- 
viewed scientific journal. 

3. Reports from others supporting the validity of SSS 
as a cause of reading disability and the use of tinted 
lenses as a cure have been challenged.*” 

4. Reports of successful treatment of reading disor- 
ders using tinted lenses are based on anecdotal informa- 
tion and testimonials.’ 

5. Irlen screeners, Irlen centers, and the Irlen Insti- 
tute actively solicit clients both from the general public 
and from school systems. They charge for consultations 
and for lenses that they say may be of help, but offer no 
promises. 

6. A variety of colored overlays to treat reading 
disorders are being marketed indiscriminately in su- 
permarkets and drugstores by individuals not affiliated 
with the Irlen Institute. 


Scotopic Sensitivity Syndrome—Helveston _ 














responsibility to prove hé worth of the 
regimen to treat SSS? Does SSS exist? 
e current marketing strategies, it is appar- 
Irlen Institute believes that it is justified in 
g reatment programs to treat an established 
\t the same time those who treat reading disor- 
e vith tinted lenses recognize the paucity of sound 
-research and state that they are working on “collecting 
data” as they treat patients. According to one Irlen 
center director, it is equally the responsibility of others 
tocarry out this validation research.’ By contrast, it has 
been traditional in medicine for a new and unproved 
-procedure or treatment to be evaluated under a proto- 
-col by qualified investigators on patients who give in- 
E ormed consent after the risks and benefits have been 
| ained. The work is often performed at no charge 
d results are reported for peer review. Only when the 
ove criteria are met and it is shown that treatment is 
ctive is treatment customarily offered on an unre- 
-stricted basis. The use of tinted lenses for the treatment 
“of learning disorders has not met these criteria. 

The responsibility of the ophthalmologist in the man- 
agement of dyslexia and related reading and learning 
disorders remains unchanged. The ophthalmologist 
-should carry out a thorough eye examination, prescribe 
appropriate treatment, and remain available to provide 
-support and follow-up care. A large part of this follow- 
-up care is to advise patients to seek help from schools, 
„tutors, and qualified specialists in the area of education 
psychology as well as from a pediatrician, family 
an, or child neurologist. 
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A Randomized Trial of Sorbinil, an Aldose Reductase 
Inhibitor, in Diabetic Retinopathy 


Sorbinil Retinopathy Trial Research Group 


® A total of 497 patients aged 18 to 56 
years with insulin-dependent diabetes 
mellitus for 1 to 15 years were randomly 
assigned to take oral sorbinil or placebo 
and followed up for a median of 41 
months. The percentage of patients 


_- whose retinopathy severity grade at max- 


s imum follow-up had worsened by two or 
_ more levels was not significantly differ- 
ent between the two treatment groups 


(28% in the sorbinil group and 32% in the 


placebo group, P = .344). The number of 
microaneurysms increased at a slightly 
slower rate in the sorbinil group than in 


_ the placebo group, with statistically sig- 


nificant differences at 21 (P = .046) and 30 
(P = .039) months but not at the maximum 
follow-up (P =.156). About 7% of the pa- 
_ tients assigned sorbinil developed a hy- 

~ persensitivity reaction in the first 
-3 months. On the basis of these results, 
it is unlikely that sorbinil administered at 
a dosage of 250 mg daily for 3 years has 
a clinically important effect on the course 
_ Of retinopathy in adults with insulin-de- 
_ pendent diabetes of moderate duration. 
~ Qur data are consistent, however, with a 

“slightly slower progression rate in the 
“microaneurysm count among patients 
‘assigned to take sorbinil, a finding of 


© uncertain clinical importance. 


{Arch Ophthalmol. 
1244) 


1990;108:1234- 


R etinopathy is a major complication 
; of diabetes and a leading cause of 
£ blindness i in adults. Although photo- 


See also pp 1229 and 1301. 


= enagulation and vitrectomy, which 
-came into widespread use during the 
_ 1970s, have reduced the incidence of 
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blindness due to diabetic retinopathy, 
these treatments are applicable only in 
advanced stages of retinopathy and are 
not universally effective.” A therapy 
that prevents retinopathy or slows 
progression to the vision-threatening 
stages would be of clinical and public 
health importance. 

The elucidation of the role of the 
polyol pathway in the development of 
cataracts in diabetic and galactosemic 
animals” and evidence that a similar 
mechanism may be important in the 
pathogenesis of diabetic neuropathy 
and nephropathy’ suggested that the 
polyol pathway and its principal en- 
zyme, aldose reductase, may also be 
important in the pathogenesis of dia- 
betic retinopathy. Two lines of evi- 
dence provide the basis for this hy- 
pethesis. The first is the direct 
association of retinopathy with ele- 
vated blood hexose, which has been 
observed in clinical studies and has 
been demonstrated to be of causal im- 
portance in alloxan-induced diabetes 
and galactosemia in dogs.” During 
5 years of poor blood glucose control, 
dogs with alloxan-induced diabetes de- 
velop nonproliferative retinopathy 
characteristic of human diabetes, and 
this progression is almost completely 
inhibited if good glycemic control is 
instituted within 1 to 2 months after 
the induction of diabetes.” Galactos- 
emic dogs develop these same charac- 
teristic retinal abnormalities after 
3 years despite normal blood levels of 
insulin, glucose, and lipids.” 

The second line of evidence is the 
demonstration of polyol pathway activ- 
ity in the intramural pericytes of the 
retinal capillaries,“ cells affected ear- 
ly in the development of diabetic reti- 
nopathy. Isolated retinal. microvessels 
and cultured retinal capillary endothe- 
lial cells and pericytes produce sorbitol 


and galactitol from glucose and galac- 
tose, respectively, an activity sup- 
pressed by aldose reductase inhibi- 
tors.“ By — immunohistochemical 
techniques, aldose reductase has been 
identified in the pericytes, but not in 
the endothelial cells, of trypsin-di- 
gested human and dog retinal capillar- 
ies.” Some additional support for the 
hypothesis is provided by the demon- 
stration that aldose reductase inhibi- 
tors slow retinal capillary basement 
membrane thickening in galactosemic~ 
and diabetic animals, although the im- 
portance of such thickening in the de- 
velopment of diabetic retinopathy is 
uncertain.” 

On the basis of these considerations, 
the Sorbinil Retinopathy Trial was de- 
signed and initiated in 1983 under the 
joint sponsorship of the National Eye 
Institute and Pfizer Ine, to determine 
whether sorbinil, an aldose reductase 
inhibitor,” could delay the onset or 
slow the progression of retinopathy 
from early to more advanced stages. 
Additional aims were to evaluate safe- 
ty and tolerance of sorbinil among dia- > 
betic patients and to assess its possible 
effects on the development of diabetic 
neuropathy and nephropathy. Results 
concerning the effects of sorbinil on 
neuropathy and nephropathy will be 
published separately. 


METHODS 


The organization of the Sorbinil Retinop- 
athy Trial consisted of the 11 clinical cen- 
ters, a coordinating center, a central fundus 
photograph reading center, and three cen- 
tral laboratories. All organizational units 
are listed at the end of this report. Pfizer 


Ine provided the study drugs and funding 


for 10 clinical centers and the central units. 
The National Eye Institute provided sup- 
port for one clinical center (at the National 
Institutes of Health) and for the Policy, 
Data, and Safety Monitoring Committee, 


Sorbinil in Diabetic Retinopathy-SRT Research Group 








which was chaired by the director of the 
-National Eye Institute. This committee was 
composed of senior scientists not involved 
-in the trial who advised on policy matters 
cand reviewed the accumulating data for 
-evidence that might warrant early termina- 
‘tion of the trial. 
~ Beginning in August 1988, patients were 
screened for the following inclusion criteria: 
age between 18 and 56 years and 1 to 15 
years of insulin therapy for type I Gnsulin- 
dependent) diabetes, with treatment initi- 
ated prior to age 41 years and with no major 
change in the hypoglycemic treatment regi- 
men during the 3 months before screening. 
In addition, a patient had to have a total 
-glycosylated hemoglobin value greater than 
92.5 g/L (normal range, 60 to 88 g/L); and 
„retinopathy had to be absent or very mild, 
with five or fewer microaneurysms in each 
veye and no hemorrhages, exudates, or other 
lesions detected in either eye in stereoscop- 
ic color fundus photographs of seven stan- 
dard fields taken at the screening visit 
according to the protocol of the Diabetic 
Retinopathy Study.” Female patients were 
required to be postmenopausal, to be surgi- 
cally sterile, or to have an intrauterine 
device in place. 

Exclusion criteria included the following: 
drug or alcohol dependence, severe atopic 
disease or allergies to hydantoins, condi- 
tions affecting absorption of the drug, se- 
vere debilitating disease, creatinine clear- 
ance less than 40 mL/min, evidence of 
-hepatic disease or elevated liver function 

“test. results, use of experimental drugs 
within the past month, unwillingness to 
abstain from donating blood, and ocular 
; disorders interfering with evaluation of the 
, retina. 
i Of 1227 patients screened between Au- 
‘gast 1983 and June 1985, 645 were poten- 
tially eligible and provided written in- 
formed consent; these patients were 
enrolled in a 5-week, single-masked placebo 
period to obtain baseline measurements and 
compliance data. At the end of the 5-week 
period, 402 patients who were willing and 
who had been at least 80% compliant with 
the daily pill-taking were randomized into 
the double-masked treatment period, using 
-a dosage schedule of one 250-mg tablet 
| daily. Fandus photographs were repeated 
ate the. randomization visit. Randomization 
performed centrally, stratified by dura- 
of diabetes (1 to 6 vs 7 to 15 years) and 
„elime, and within balanced blocks of four. 
From July through October 1985, recruit- 
‘ment was voluntarily halted by Pfizer Ine 
due to the occurrence of several serious 
hypersensitivity reactions among patients 
taking sorbinil in clinical trials in the United 
States and Europe. In the Sorbinil Retinop- 
athy Trial, one patient developed a serious 
hypersensitivity reaction that was diag- 
nosed as toxic epidermal necrolysis. Three 
additional patients developed severe hyper- 
sensitivity reactions, including two that 
were diagnosed as erythema multiforme 
_and one as the Stevens-Johnson syndrome. 
“Tn November 1985, recruitment was re- 
sumed, using a titrated dosage schedule of 
25 mg daily for 2 weeks, followed by 75 mg 
daily for 2 weeks, then 250 mg daily for the 















` Arch Ophthalmol —Vol 108, September 1990 





duration. The exclusion criteria were ex- 
panded to eliminate patients with compro- 
mised immune function, as evidenced by 
any of the following: (1) active or recent 
(within 4 weeks) viral infection, (2) treat- 
ment with long-term corticosteroid or im- 
munosuppressive therapy, (3) history of 
lymphoma or hematologic malignant neo- 
plasms, or (4) diagnosed congenital or ac- 
quired immunodeficiency syndrome or a 
high risk for developing the acquired immu- 
nodeficiency syndrome. Treatment with 
phenylbutazone or related drugs was also 
added as an exclusion criterion. The fre- 
quency of safety monitoring visits during 
the first 3 months was increased. Between 
November 1985 and October 1986, 95 addi- 
tional patients were enrolled, for a total of 
497 randomized participants. 

Follow-up visits were scheduled weekly 
for the first 4 weeks, monthly for the next 2 
months, and every 3 months thereafter. 
For patients assigned to the titration proto- 
col, additional visits were made at weeks 5 
and 6, At each quarterly visit, the study 
drug was dispensed, compliance was esti- 
mated by pill counts, and an extensive 
battery of laboratory tests, including liver 
function tests and standard blood chemistry 
tests, was performed. In addition, a physi- 
eal examination was conducted, and pa- 
tients were queried about side effects, in- 
tercurrent illnesses, and the use of other 
medications. A complete history was re- 
corded and a physical examination was per- 
formed every 15 months; electrocardio- 
grams were obtained every 6 months. In 
addition to safety monitoring at routine 
examinations, patients were instructed to 
eall the clinic immediately if any signs or 
symptoms of a hypersensitivity reaction 
developed, including pruritic rash, fever, 
myalgia, lymphadenopathy, hepatospleno- 
megaly, petechiae, malaise, or arthralgia. If 
a hypersensitivity reaction was suspected, 
administration of the drug was immediately 
discontinued, and a thorough clinical evalu- 
ation was conducted. Both the patient and 
physician were masked to treatment assign- 
ment throughout this process unless it was 
concluded that a hypersensitivity reaction 
had occurred. 

In April 1987, monitoring of all patients 
was increased to biweekly contacts follow- 
ing a severe hypersensitivity reaction in a 
patient taking sorbinil in a titration regimen 
in a European trial. In addition, the proto- 
col was amended to require that administra- 
tion of the study drug be permanently 
stopped for any patients who ceased taking 
tablets for 5 or more days for any reason. 

The efficacy visits, scheduled at 9-month 
intervals after the first visit at 12 months, 
included fundus photographs, visual acuity 
examination according to the Early Treat- 
ment Diabetic Retinopathy Study (ETDRS) 
protocol,” red blood cell sorbitol measure- 
ment, and assessment of coronary risk fac- 
tor classification. Extensive efforts were 
made to have all participants, including 
those who had stopped taking the study 
medication, attend the efficacy visits, espe- 
cially the final visit. 

Fundus photographs of each eye at each 
visit were graded independently using the 
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ETDRS adaptation of the modified Airlie 
House classification.” Gradings were car- 
ried out by two graders, with adjudication | 


of differences of more than one step on the 


grading scale for each lesion in each photo- 
graphic field. From the final adjudicated 
grading, an overall retinopathy severity 
level was established for each eye, using 
the ETDRS interim scale.” Levels of reti- 
nopathy were defined as follows: level 10, 
no diabetic retinopathy; level 20, microan- 
eurysms but no other lesion present; level 
30, mild nonproliferative diabetic retinopa- 
thy (NPDR), characterized mainly by hard 
exudates or mild retinal hemorrhages; level 
41, moderate NPDR, characterized by mild 
soft exudates or intraretinal microvascular 
abnormalities; level 45, moderately severe 
NPDR, characterized by more severe soft 
exudates or intraretinal microvascular ab- 
normalities, moderate retinal hemorrhages, 
or mild venous beading; level 51, severe 
NPDR, including the milder part of the 
spectrum of severe NPDR, as defined in 
the Diabetic Retinopathy Study and the 
ETDRS; and level 55, very severe NPDR, 
including the more severe part of the se- 
vere NPDR category. Eyes with no mi- 
eroaneurysms but with retinal hemor- 
rhage(s) or soft exudate(s) were assigned to 
an intermediate category, level 15, which 
was pooled with level 10. There were five 
such eyes at the baseline examination and 
never more than 12 at any follow-up visit. 
The scale continues upward to denote levels 
that include stages of proliferative retinopa- 
thy. The retinopathy severity level was 
defined by the highest level in either eye, 
subdivided by the presence in the other eye 
of the same level or a lower one. Thus, for 
example, level 30/20 indicates level 30 in 
each eye, level 30/<30 indicates level 30 in 
one eye and a lower level in the other eye. 
The primary end point was worsening of 
the patient retinopathy severity level by 
two steps or more (eg, worsening from 
10/10 to 20/20 or worse or from 20/<20 to 
30/<80 or worse). 

Microaneurysms were counted by each 
grader in each photographic field (to a total 
of six or more) and in the eye as a whole, 
allowing for overlap between the fields (to a 
total of 21 or more). Microaneurysm counts 
were adjudicated if they differed by more — 
than one in a photographic field (or if one 
grader reported a count of zero and the 
other a count of one) or by more than two 
for the eye as a whole. For each patient, the 
number of microaneurysms was the sum of 
the number in each eye. 

The original follow-up period was planned 
to be 2.5 years. Estimates of power for the 
primary retinopathy end point to detect a 
relative risk of 0.60 were calculated 
{a= .05, one-sided test), based on the pro- 
jected sample size of 700, compliance rates 
of 80% and 90%, and 2.5-year incidence 
rates of 0.260 and 0.184. According to these 
calculations, the trial would have 90% pow- 
er to detect a relative risk of 0.60 with 90% 
compliance using the higher incidence rate 
or, alternatively, 66% power to detect a 
relative risk of 0.60 using the lower inci- 
dence rate with 80% compliance. Because of 
a lower-than-projected recruitment rate, 











E “follow-up was contimaed. to a common termi- 
~~ nation date for all patients, with the goal 
that the last patient randomized would 
reach the 2. 5-year follow-up point. Howev- 
er, the temporary halt in recruitment re- 
sulted in some participants having less than 
2.5 years of follow-up, Although fewer pa- 


7 tients than projected were recruited (497 vs 


n 700- patients), longer follow-up led to a 


higher event rate (0.320 at the maximum 


_ follow-up visit). With this event rate and 
observed compliance in the sorbinil group of 


0,81, the power for a relative risk of 0.60, 
| with one-tailed test at a=.05, was 0.83. 


For two-tailed test at œ =.05, the analogous 
_ power was 0.70. 
- In this report the 30-month and maxi- 
- mum follow-up visits are emphasized, the 

former because of its prominence in the 
original design and the latter for two rea- 
sons: (1) the modification of the design to 
follow up all patients to a common termina- 
tion date and (2) the more complete infor- 
mation available at this visit, resulting in 
part from the effort made to obtain a final 
visit by all patients and in part from use of 
an earlier visit when this effort was 
unsuccessful, 

The x” test was used to compare demo- 
_ graphie characteristics in the sorbinil and 
o- placebo groups for discrete variables. For 
2&2 tables, the Yates correction was used. 
-The ¢ test was used to perform comparable 
analyses for continuous variables. Safety 


G assessment analyses were performed using 


the x” test and, for tables with small num- 
bers, Fishers Exact Test. © The Wileoxon 
Rank-Sum Test” was used to compare the 
‘differences in rank distributions of the num- 
ber of microaneurysms at each time point. 
Tests of the significance of changes in reti- 
nopathy level and of changes in microaneu- 
rysm number category (see below) were 
performed using x° tests for association 
i when 2x2 tables were analyzed and using 
x tests for linear trend in proportions when 
: Žxk tables were analyzed. In computing 
the mean change in level, no change was 
scored as 0, an improvement of one level 
was scored as —1, a progression by one 
level was scored as +1, and so forth. 
Changes in microaneurysm counts be- 
tween the baseline and follow-up visits 
=- were assessed in three ways. First, counts 
© (fer the patient) were categorized as 0, 1 or 
2,8 to 5, 6 to 10, 11 to 20, 21 to 40, and 41 or 
~ more, and change was analyzed by the 
- number of steps on this scale, as described 
above. Second, a logarithmic (a+ 1) trans- 
. formation was used, in which x was the 
. number of microaneurysms, and a ¢ test 
was performed. Finally, to assess the over- 
all rate of change over the entire period of 
follow-up, a slope was computed for each 
‘person for the logarithm of the number of 
oaneurysms, and the average slope was 
npared between the sorbinil and placebo 
groups using a č test. All P values were 
two-sided. 


RESULTS 
Table 1 compares the baseline char- 


5 acteristics of patients in the two treat- 
ment groups. Eighty-seven percent of 
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Placebo 
ee eet (n = 248} (n = 249) | p* 
Age at entry, yt 31.4 (7.4) | $1.7 (7.4) NS 
Sex, % | 
Moeaa a a ataa A ae ee 73.5 NS 
F SEE IE AEE cha vale E ANE 
insulin therapy, yt - aoe 6.5 (3.3) _ _ 6.6 (3.5) NS 
Years of insulin therapy, % B 
16 eee RE dee eR NS 
peer ae ed ea Sek I NA 
Glycosylated hemoglobin, g/Lt_ eee ay, 2 121 (21) 121 (23) NS 
Systolic blood pressure, mm Hgt _ “419. 7 (12. 7 aes 19.7 ( 13.5) NS 
Diastolic blood pressure, mm Hgt 75.0 (8.8) T 744 (8.9) D NS 
Current cigarette smoking ho es 7 25.3 a a a i NS 
Regular aspirin use, “ot 11.3 NS 


*NS indicates not significant. 
tValues are mean (SD). 
¢At least once per week. 


participants were younger than 40 
years, 74% were men, and 57% had 
been taking insulin for less than 
T years. The mean total glycosylated 
remoglobin level was 121 g/L (normal 
range, 60 to 88 g/L). There were no 
statistically significant or clinically im- 
portant differences between the two 
treatment groups. 

Adverse reactions are presented in 
Table 2 separately for patients as- 
signed to the nontitrated and titrated 
protocols. Potential hypersensitivity 
reactions were identified by an algo- 
rithm, including abnormal liver fune- 
tion test results, abnormal platelet 
counts, and the presence of certain 
signs and symptoms, such as lympha- 
denopathy, rash, fever, myalgia, oro- 
pharyngeal blisters or ulcers, or ede- 
ma, especially of the face or hands. 
The evaluations were done masked to 
treatment group. Among patients as- 
signed to the nontitrated protocol, the 
percentage experiencing hypersensi- 
tivity reactions in the first 3 months of 
the study was greater in the sorbinil 
group than in the placebo group (7.4% 
vs 1.0%, P=.008). A similar difference 
was observed between these groups 
during this period in the percentage 
who stopped taking the study medica- 
tion (14.4% vs 7.0%, P=.026). No sig- 
nificant differences were found in ad- 
verse reaction rates after 3 months of 
follow-up in either the nontitrated or 
titrated group. For the titrated group, 
no statistically significant differences 
in adverse reactions or patients who 
stopped taking the drug were demon- 
strated even in the first 3 months, but 
the number of participants was small. 
There was no appreciable influence of 
sorbinil on total glycosylated hemoglo- 
bin levels (Fig 1), insulin require- 
ments, blood pressure, serum choles- 
terol level, or other measured 


variables. Red blood cell sorbitol levels 
were 7.5 nmol per milliliter of packed 
erythrocytes in the sorbinil group at 12 
months compared with 14.2 nmol per 
milliliter of packed erythrocytes in the 
placebo group (nondiabetic range, 2.0 
to 84 nmol per milliliter of packed 
erythrocytes, as estimated from values 
of 5.2+0.3 nmol per milliliter of 
packed erythrocytes [mean +SE] 
among 30 nondiabetic controls). ” 

Table 3 presents information on the 
completeness of follow-up and compli- + 
ance with study medication. The num- 
ber of missed visits tended to be high- 
er in the sorbinil group and to increase 
with longer follow-up, with rates of 
26.7% in the sorbinil group and 10.8% 
in the placebo group at the 48-month 
visit. Special efforts were made to 
examine each patient at a final visit, at 
which missed-visit rates were 10.9% 
and 5.2%, respectively. The percent- 
ages of expected visits completed by 
patients who had stopped taking study 
medications showed a similar pattern: 
14.1% in the sorbinil group and 8.4% in 
the placebo group, at Pog 12-month - 
visit, and 34.5% and 25.9%, respective- 
ly, at the maximum oe visit. 
For the maximum follow-up visit, the 
distribution of follow-up time ranged 
from 12 to 56 months (median, 41 
months). Among participants assigned 
to the sorbinil group, 27% were fol- 
lowed up for 12 to 34 months, 31% for 
35 to 43 months, and 38% for 44 to 56 
months. For the placebo group, the 
percentages were 25%, 32%, and 39%, 
respectively. Because participants as- 
signed to the sorbinil group had a 
slightly shorter duration of follow-up, 
estimates of efficacy at maximum fol- 
low-up will marginally overestimate 
the benefit of sorbinil. 

In Table 4 we present the distribu- 
tion of retinopathy severity level at the 
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Nontitrated Protocol ee 402) Titrated Protocol (n = 95)* $ 
Sorbinil, Placebo, Sorbinil, Placebo, 
No. (%) | No. (%) = Po o o No. (%) No. (%)} 

200 

























| -Patients entering time period taking study drug 
| _ Hypersensitivity reactiont 15 (7.4) 
_ Other adverse reaction§ 52 (25.7) 44 (22.0) 

Stopped taking study drug 29 (14.4) 14 (7.0) .026 


























With hypersensitivity reaction 14 (6.9) O ana 
a UE ad E Ae 4 to 12 Months © 
Patients entering time period taking study drug 186 


Hypersensitivity reactiont 0 2 (1.1) NS 0 0 NS | 
Other adverse reaction§ 16 (9.2) 18 (9.7) NS 7 (18.9) 3 (7.1) NS ud 
F Stopped taking study drug 13 (7.5) 8 (4.3) NS 4 (10.8) eae) ee e] 

_ With hypersensitivity reaction 0 0 ee | 
Sl : oe £3 to 30 Months. 
atients entering time period taking study drug 178 

[| Hypersensitivity reactiont O 1 (0.6) 
-F Other adverse reaction§ 22 (12.4) 
te Stopped taking study drug 14 (8.8) 17 (9.6) NS 6 (18.2) 
With hypersensitivity reaction 0 0 NS Q 











































ooon OT S1 to 54 Months 
Patients entering time period taking study drug 146 161 abet 
Hypersensitivity reactiont 1 (0.7) 2 (1.2) NS 






- Other adverse reaction§ 14 (9.6) 


Stopped taking study drug 26 (17.8) 23 (14.3) NS 
With hypersensitivity reaction 1 (0.7) 0 NS 


* No patient assigned to the titrated protocol was followed up for more than 30 months. 


{NS indicates not significant. ; 
$A hypersensitivity reaction was one of the following: bullous eruption, erythema multiforme, Stevens-Johnson syndrome, adult respiratory distress syndrome, toxic 






dermal necrolysis, or moderate to severe rash. A mild rash accompanied by at least two other adverse reactions, including but not limited to abnormal liver. function, 
zrg laise, oropharyngeal blisters or ulcers, or edema of the face or hands, was also classified as a hypersensitivity reaction. A hypersensitivity reaction was. considered 

serious if the adult respiratory distress syndrome or toxic epidermal necrolysis was present (one patient in the sorbinil group). A hypersensitivity reaction was considered 
: evere. if erythema multiforme, Stevens-Johnson syndrome, severe diarrhea with blood, bullous eruption, or uicerating mucosal lesions were present (three patients. in ‘ 
ote -sorbinil group). All other hypersensitivity reactions were classified as moderate (nine patients in the sorbinil group) or mild (five patients in the sorbinil group and. seven T 
: patients in the placebo group). f 
IM adverse reaction included but was not limited to lymphadenopathy, rash, headache, fever, nausea, or myalgia. 


Fig 1.—Mean levels of total glycosylated hemoglobin in the sorbinil group compared with. the 


baseline and 30-month follow-up visits. placebo group at the baseline and follow-up visits. P values were not significant. 


At both visits the distribution in the 
two treatment groups was similar, ex- 
cept for slightly greater severity in the 
-sorbinil group at baseline. 

- Table 5 shows the percentage of 
patients whose retinopathy worsened 
-by two or more levels on the ETDRS 
terim scale. This analysis was per- 
ormed for all patients as well as for 
“the subgroup with no retinopathy at 
baseline. For the 13 patients whose 
¿randomization visit fundus photo- 
graphs were missing, screening visit 
photographs were substituted. The 
percentage of patients whose retinopa- 
thy worsened by two or more levels 
rose nearly linearly over time, increas- 
ing from 9% after 1 year to more than 
40% after 4 years of follow-up. There 
were., no significant differences be- 
“tween the progression rates for the 
and placebo groups at any time 
for either the total group or the 
: p of patients with no retinopa- 
-thy at baseline. 
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Baseline * 


Retinopathy 
Severity Level 


10/10 
20/ <20 


Sorbinil 
(n = 248) 


45/<45 
45/45 
65/ <65 


icant. 


Percentages do not add to 100.0% because of 


In Table 6 we present additional 
detail regarding the change in retinop- 
athy level between the baseline and 
_ follow-up visits. For all patients, at the 
<> 21-month, 30-month, 39-month, and 
maximum follow-up visits, there was a 
tendency for the sorbinil group to have 
slightly greater percentages of pa- 
- tients with retinopathy severity levels 
in the better or same categories com- 
pared with the placebo group. There 
> was also a tendency for the sorbinil 
~. group to have slightly smaller percent- 
-ages of patients with retinopathy se- 
© verity levels in the worse categories 
-. (particularly, worse by one level), but 
the mean change in level did not vary 
significantly between treatment 
< groups. Findings were similar for the 
> subgroup of patients free of retinopa- 
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Visits Visits 
No. of Visits While While Not No. of Visits While While Not 
Visits Taking Study Taking Study Visits Visits Taking Study Taking Study Visits 
Follow-up Visit Expected Medication, % ° Medication, % Missed, %t Expected Medication, % Medication, % Missed, “ot 
2mo 248 O 7o 14.1 8.9 249 864 8.4 5.2 
21 mo 248 2B 187 14.7 248 83.1 84 89 
_30 mo O 203 70.4 148 14.8 200 80.5 11.5 8.0 
39 mo 170 685 TA 19.4 — 169 692 14.2 16.6 
48 mo 60 500 — < 233 26.7 65 60.0 29.2 108 
Final visit? 248 69.3 298 109 249 69.9 24.9 5.2 
Maximum follow-up§ 238 665 345 E 243 74.1 25.9 


* Among patients taking the study medication, compliance (percentage or days the study medication was taken) was 96% 

tThere were six deaths during the trial, threes in the sorbinil group and three in the placebo group. 
4A final visit was scheduled for all participants during the last 3 months of the trial. 

§The last visit for which fundus photographs were available. Follow-up for this visit ranged from 12 to 56 months (median, 41 months). 


% of Patients 


ee A OA e, 


30 Monthst 
7 iameaeaeaataiamminemmneniaiaeeeataammammmnetaeeneietemanememmemmsennnme aa 
Sorbinii Placebo 
(n = 177) 


Aaiaoe eran me neama AR ana a ar AAN Aas, 


Placebo 
{n = 249) 





 *in13 subjects, screening visit values were used because randomization values were missing. Entries at level 
30/<30 or greater represent patients who progressed from 20/ <20 or less at the screening visit to the level 
shown for the baseline visit. The difference between the sorbinil group and the placebo group was not signif- 


tThe difference between the sorbinii group and the placebo group was not significant. 


rounding. 


thy at baseline (although, of course, 
there was no possibility for improve- 
ment). Figure 2 displays the data for 
all patients at the 30-month and maxi- 
mum follow-up visits. 

An increase in the number of mi- 
croaneurysms has been suggested as 
another measure of retinopathy pro- 
gression. Figure 3 shows the median 
number of microaneurysms in each 
treatment group at each visit. In both 
groups the median number of microan- 
eurysms increased from about one at 
baseline to between seven and eight at 
48 months. The rate of increase in the 
number of microaneurysms was slight- 
ly lower in patients assigned to the 
sorbinil group than in those assigned to 
the placebo group. 

In assessing the change in the num- 
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to 98% at all follow-up visits. 


ber of microaneurysms, a geometric 
scale seemed more biologically plausi- 
ble than an arithmetic scale (ie, an 
increase from two to 12 microaneu- 
rysms seemed more noteworthy than 
an increase from 22 to 32 microaneu- 
rysms). Using this approach, Table 7 
presents the change in category for the 
number of microaneurysms (0, 1 or 2, 
3to5, 6 to 10, 11 to 20, 21 to 40, and 41 
or more microaneurysms) between the 
baseline and follow-up visits. There- 
Was an apparent trend in favor of the 


sorbinil group at the 21-month 
(P=.087), 30-month (P=.021), 39- 
month (P=.098) and maximum 


(P= .175) follow-up visits in the analy- 
sis including the total group. Figure 4 
displays the data for the total group at 
the 30-month and maximum follow-up 
visits. 

Figure 5 plots the mean change in 
the logarithm of the number of mi- 
croaneurysms (plus one) from the 
baseline to follow-up visits in each 
treatment group. The increase was 
slightly greater in the placebo group, . 
with statistically significant differ- 
ences at the 21- and 30-month visits 
but not at the maximum follow-up 
visit. 

In Table 8 we present mean rates of 
increase of microaneurysms over the 
entire follow-up period (slope) using 
both the original counts and the loga- 
rithmic transformation. For the total 
sample, the rates were about 0.2 mi- 
croaneurysms per month in each treat- 
ment group. On the logarithmic scale, 
the rate was slightly higher in the 
placebo group than in the sorbinil 
group (0.023 vs 0.019, P=.242). For 
the subgroup with no retinopathy at 
baseline, the differences appeared to 
be slightly greater (0.022 vs 0.017, 
P =.095). 

When analyses of the effect of sor- 











Patients Whose Retinopathy Worsened 
by Two or More Levels on the 
Modified ETORS Scale 
f N painanne na, 
K Follow-up Sorbinil, Placebo, 










Relative Risk 






















Visit No. (%) No. (%) (95% Contk 
o Fotai Randomized Sample CEES Se 
12 mo © 19/217 (9) 21/283 (9) 1.03 (0.56, 1.87) LNS 
24 mo 302A  —  —ćě WMU 1.23 (0.75, 2.02) O No 
30 mo 421167 (25) 38/177 (21) 1.21 (0.82, 1.78) | NS 
39 mo M 40/131 (31) 44/134 (33) 0.95 (0.66, 1.34) o N 
48 mo 49/44 (438) 23/56 (41) 1.03 (0.65, 1.64) NS 
Maximum follow-upł 66/238 (28) 78/243 (32) ore 







Patients With No Retinopathy at Baseline 





12 mo 6/96 (6) 13/110 (12) 

21 mo 16/94 (17) 15/101 (15) 1.14 (0.60, 2.16) iS 

30 mo 18/71 (25) 18/80 (23) 1.20 (0.67, 2.13) NS o 
39 mo 19/57 (33) 21/62 (34) ___ 0,99 (0.60, 1.63) _NS | 
T 48mo O 8/17 (47) Han 9/23 (39) 1.15 (0.57, 2.34) NS 
T Maximum follow-upt 30/ 106 (28) 33/115 (29) 0.99 (0.65, 1.51) NS | 


-> “ETDRS indicates Early Treatment Diabetic Retinopathy Study. 
CENS indicates not significant. 
+The last visit for which fundus photographs were available. Follow-up for this visit ranged from 12 to 56 months (median, 41 months). 
















Change in Retinopathy Severity Level, % of Patients 
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Better Worse 
Follow-up Treatment No. of =2 1 1 2 3 4 25 Mean Change > = 
Group Patients Levola sr aval Same Level Leven. LAVDIA Levels Levels in Level” 
en tal Randomized Sample Os ee 
Sorbinil 217 4.2 11.5 53.9 21.7 5.5 
Placebo 233 2.6 12.9 53.7 21.9 6.9 
21 mo Sorbinil 214 3.3 15.0 43.0 24.8 6.1 
Placebo 22 32 7.7 4&2 312 7.7 
30 mo Sorbinil 167 2.4 126 389 21.0 13.2 de 
Placebo 177 1.7 8.5 36.7 31.6 8.5 
39 mo Sorbinil 131 2.3 7.6 39.7 19.9 15.3 
A Placebo 134 2.2 4.5 30.6 29.9 14.9 | 
“P48 mo Sorbinil 44 O 2.3 27.3 27.3 6.8 
y Placebo 56 O 36 339 214 23.2 
Maximum Sorbinil 238 7 8.8 408 21.0 9.2 
follow-up} Placebo 243 2.1 7.0 34.6 24.3 15.2 
. Patients With No Retinopathy at Baseline 
Sorbinil 96 sie ae 69.8 24.0 5.2 5 
£o Placebo 110 nee E 63.6 24.6 10.0 i 
21 mo Sorbinil 94 a 56.4 26.6 10.6 e 
Placebo 101 Pe ae 52.5 32.7 11.9 rie 
30 mo Sorbinil 71 aon one 49.3 25.4 18.3 ae 
Placebo 80 one os 42.5 10.0 Ta 
Sorbinil po 
E Placebo er 22.8 Pai 
48 mo Sorbinil a ae ..- 294 235 5.9 17.7 11.8 11.8 196 ye: 
Placebo 23 we ae 47.8 13.0 30.4 Q 8.7 0 1.09. ao 
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30-Month Visit 8 
GB 
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50 2 
ENN Sorbini [7] Placebo E 6 
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40 g5 
g 2a 
P 
emul cc E 
& 30 E 
© Q 
& $2 
a \ ' 
\\ o> 12 
- \\ W 21 30 39 48 
10 W \ \ y Months From Randomization 
Ñ N ‘ Wy y è ʻ : » 
NN \ \\\ Fig 3.—Median number of microaneurysms 
A N W \\ i | y in the sorbinil group compared with the place- 
o a _ one as S SENA bo group. P values for the differences in rank 
e ee Same sb o pe eae distributions were not significant. At maxi- 
y= y y y = Hal se 
Levels Level Level Levels Levels Levels Levels mum follow-up (not shown), P = .853. 
Change in Retinopathy Severity Level 
progression, patients entering with no 
retinopathy had to develop it in both 
Maximum Follow-up Visit eyes, and patients entering with only 
25 microaneurysms in both eyes had to 
develop more severe lesions, such as 
S Sorbinit CI Placebo retinal hemorrhages or hard exudates 
i in both eyes or soft exudates or intra- 
retinal microvascular abnormalities in 
A at least one eye. pr 
5 Other, possibly more sensitive, out- 
§ 0 come measures were also used. Ana- 
5 lyses that considered any change in 
a~ | retinopathy severity level (Table 6 and 
20 \\ Fig 2) showed a slight, nonsignificant 
\ trend in favor of sorbinil. Secondary 
\\ analyses of change in the number of 
10 l microaneurysms (Tables 7 and 8 and 
NN Figs 3 through 5) were more sugges- 
W Sy Nea Ny pu E ; ig: ES i 
i \ \ \ \ | tive of a beneficial effect of sorbinil. 
o ENT iN x AN i Lower rates of progression in the sor- 
z = oy [ by 1 by2 bye bya. by 25 binil group were observed at all follow- 
Levels Level Level Level Levels Levels Levels up visits for the total group, with 


statistically significant differences at 
some visits. The clinical importance of > 
these slight differences in microaneu- 
rysm count is uncertain. 

Separate analyses were planned 
a priori for the subgroup of patients 
free of retinopathy at baseline. There 
was no suggestion of greater efficacy 
of sorbinil in this subgroup compared 
with the total group in any analyses, 


Change in Retinopathy Severity Level 


Fig 2.—Top, Change in retinopathy severity level between randomization and the 30-month 
follow-up visit in the sorbinil group compared with the placebo group. Bottom, Change in 
retinopathy severity level between randomization and the maximum follow-up visit in the sorbinil 
group compared with the placebo group. 





binil on the retinopathy severity level 


-and microaneurysm count were con- 


fined to the subgroup of those who 
~ complied with assigned therapy, the 
results were not materially altered 
-< (data not shown). 


| COMMENT 
_ In this multicenter randomized trial, 

the rate of progression of retinopathy 
by two or more levels, as measured by 


1240 Arch Ophthalmol—Vol 108, September 1990 





the ETDRS scale, did not differ signifi- 
cantly between the sorbinil and place- 
bo groups. No differences according to 
treatment assignment were observed 
for either the total group or the sub- 
group without retinopathy at baseline. 
Progression of two or more levels on 
the ETDRS scale was chosen as the 
primary outcome measure because this 
degree of change was considered clini- 
cally meaningful. To reach a two-level 
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except perhaps analyses of the slope of 
the number of microaneurysms (Table 
8). 

This trial was designed to determine 
whether sorbinil has a major effect on 
the course of diabetic retinopathy. 
Small to moderate effects could not be 
reliably assessed. Possible reasons for 
failure to observe stronger evidence of 
a treatment effect should be consid- 
ered. First, intervention may not have 
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EY, 


No. of =>2 
Patients 


Treatment 
Group 


Follow-up 
visit 


Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 


=~ sa 


Maximum 
follow-up§ 


Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 
Sorbinil 
Placebo 


Maximum 
follow-up§ 


Levels 


1 1 2 3 
Level Same Level Levels Levels 


Patients With No Retinopathy at Baseline © 


62.5 
62.4 


30.7 4.6 2.3 


20.8 14.9 2.0 


4 


Levels 


5 >6 
Levels kavei 


Sr a 


Mean Change 
in Levelt Pt 





* Categories of microaneurysm severity levels (from the sum of both eyes) are O, 1 or 2, 3-5, 6-10, 11-20, 21-40, and =41 microaneurysms. 
+The mean change in microaneurysm severity level is computed with scores of O for same, +1 to +6 for worse by 1 to =6 levels, and —1 and —2 for better by 1 


and = 2 levels. 
NS indicates not significant. 


§The last visit for which fundus photographs were available. Follow-up for this visit ranged from 12 to 56 months (median, 41 months). 


been initiated soon enough or contin- 
ued long enough. Development of dia- 
betic retinopathy in dogs with alloxan- 
induced diabetes can be markedly 
inhibited by careful blood glucose con- 
trol, if good control is initiated within a 
few weeks of induction of diabetes. 
Good glucose control initiated after 30 
-= months of poor control, however, had 
little or no effect during the next 30 
months, even though no obvious reti- 
nopathy was present when control was 
switched from poor to good.” Perhaps 
there is a point beyond which the early 
pathogenetic processes that lead even- 
tually to clinical retinopathy cannot be 
stopped or reversed. Alternatively, 
these processes may have a momen- 
tum that can be slowed or stopped only 
by long-term intervention, longer than 
30 months. Second, the dosage of oral 
sorbinil in our trial (250 mg daily) may 
not have been sufficiently high to pro- 
duce aldose reductase inhibition in the 
retina. Although red blood cell sorbinil 
levels were clearly reduced, the bio- 
availability of sorbinil and its effect on 
aldose reductase in the human retina 
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are uncertain. These limitations, if 
present, would lead to an underesti- 
mate of any true beneficial effect of 
sorbinil on retinopathy. Sorbinil did 
not appear to have any effect on glyce- 
mic control, blood pressure, or other 
variables known to influence the risk of 
diabetic retinopathy. 

Recently, additional support for the 
importance of the polyol pathway in 
the pathogenesis of diabetic retinopa- 
thy was provided by the finding of 
inhibition by aldose reductase inhibi- 
tors of pericyte loss and microaneu- 
rysm formation in galactose-fed dogs 
followed up for 18 to 36 months*™ and 
by the finding of a diabetic-like reti- 
nopathy that developed in galactos- 
emic rats after 12 to 28 months.” In a 
longer-term study, however, aldose 
reductase inhibition did not prevent 
the development of typical retinopathy 
in dogs after 42 months of galactose 
feeding.” Because galactitol levels may 
not be normalized by aldose reductase 
inhibitors as completely as are sorbitol 
levels, the galactosemic model may 
have limited relevance to diabetes. 
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In conclusion, on the basis of these 
results, it is unlikely that sorbinil ad- 
ministered at a dosage of 250 mg daily 
for a period of 2 to 3 years has a 
clinically important effect on retinopa- 
thy in adults with insulin-dependent 
diabetes of moderate duration. The 
strongest suggestion of a benefit of 
sorbinil on retinopathy progression 
was seen in the assessment of the 
mean change in the logarithm of the 
number of microaneurysms, which 
may be a more sensitive measure of 
progression, but the magnitude of the 
observed effect was small. Several lim- 
itations of the present trial may have 
reduced our ability to detect an appre- 
ciable benefit. The clinical and public 
health importance of diabetic retinopa- 
thy as well as the biological plausibility 
of the polyol pathway hypothesis in its 
pathogenesis support the need for ad- 
ditional trials of aldose reductase inhi- 
bition in humans. 


Pfizer Inc provided study drugs and funding for 
10 clinical centers and the central units. The 
National Eye Institute provided support for one 
clinical center (at the National Institutes of 
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Fig 4.—Top, Change in microaneurysm category between randomization and the 30-month 
follow-up visit in the sorbinil group compared with the placebo group. Bottom, Change in 
microaneurysm category between randomization and the maximum follow-up visit in the sorbinil 


group compared with the placebo group. 


Health) and for the Policy, Data, and Safety 
Monitoring Committee, which was chaired by the 
director of the National Eye Institute. 


Sorbinil Retinopathy 
Trial Research Group 


The investigators and key staff, support 
centers, policy advisory board members, Na- 
tional Eye Institute staff, and representa- 
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tives of Pfizer Inc in the Sorbinil Retinopathy 
Trial Research Group are as follows: 


Clinical Centers 


Department of Ophthalmolegy, Emory 
Clinic, Emory University, Atlanta, Ga.— 
Steven Carlison; William Coles, MD; Donal 
Costigan, MD; Linda Curtis (Clinic Coordi- 


Mean Change in Log of Microaneurysms 





_ -&Sorbinil = Placebo 





Months From Randomization 


Fig 5.—Mean change in the logarithm of mi- 
croaneurysms in the sorbinil group compared 
with the placebo group. The P value for the 
difference in the means is provided for each 
follow-up visit. At the maximum follow-up visit 
(data not shown), P=.156. 


nator); Ellis Hedaya, MD; Diane Klements 
(Clinic Coordinator); Travis Meredith, MD 
(Principal Investigator); Paul Sternberg, 

Jr, MD; Ray Swords. 

Department of Ophthalmology, Wilmer 
Institute, The Johns Hopkins Hospital, 
Baltimore, Md.—Judy Belt; David 
Cornblath, MD; Angeliki Georgopoulos, 
MD; John Griffin, MD; Robert Murphy, MD 
(Principal Investigator); Delores Rytel 
(Clinic Coordinator); Christopher Sau- 
dek, MD. 

National Eye Institute, National Insti- 
tutes of Health, Bethesda, Md.—James 
Carl, MD; Patrick Ciatto; Manuel Datiles, 
MD; Ernest Kuehl; Carl Kupfer, MD (Di- 
rector of the National Eye Institute); Joan 
Lee (Clinic Coordinator); Monique Roy, 
MD (Principal Investigator). 

William P. Beetham Eye Unit, Joslin Dia- 
betes Center, Boston, Mass.—Lloyd 
Aiello, MD (Principal Investigator); Rich- 
ard Beaser, MD; Andrew Bell; Robert Ca- ` 
vicchi; Ramachandiran Coopan, MD; John 
Delfs, MD; Frederick Dunn, MD; Mark Ma- 
loberti (Clinic Coordinator); Lawrence 
Rand, MD (Principal Investigator); Sabera 
Shah, MD; Daniel Tarsy, MD; Louis Vi- 
gnati, MD. 


Diabetic Unit, Herman Eye Center, Hous- 


ton, Tex.—Harold Dobson, MD; Charles 
Garcia, MD (Principal Investigator); Jef- 
frey Jackson, MD; Andres Keichian, MD; 
Glenda Matheny (Clinic Coordinator); 
Eric Orzeck, MD; Suresh Roongta, MD; 
Sharon Russell; Brian Tulloch, MD. 


Veterans Administration Medical Center, 


Louisville, Ky.—Charles Barr, MD; Vasti 
Broadstone, MD; Sharon Brooks; Jahangir 
Cyrus, MD; Meg Fuqua (Clinic Coordina- — 
tor); Jenny Gittings (Clinic Coordinator); 
Mary Heck; Hedvika Heinicke, MD; 
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mr 
©% 


pr 


Rate of Increase of 
Microaneurysms per Month * 


Sorbinilt 


ELP 


= 0.201 (0.317) 
0.019 (0.028) 
Patients With No Retin 


0.114 (@.255) 


Logarithmic Scale 0.017 (0.031) 


Log-Transformed 
Data 


Placebot 


0.199 (0.294) 
0.023 (0.029) 


0.147 (0.265) 





0.022 (0.030) 


* Values are mean (SD). The increase in the number of microaneurysms per month (slope) was computed for 
each patient. The mean slope is the sum of these individual slopes divided by the number of patients. 

tFor the total randomized sample, n = 238; for patients with no retinopathy at baseline, n = 166. 

For the total randomized sample, n = 243; for patients with no retinopathy at baseline, n = 170. 


Louanne Mahl; Goldie Miller-Crain; Mi- 
chael Pfeifer, MD (Principal Investigator); 
Ellis Samols, MD; Jeanne Willhite. 

University of Wisconsin, Madison. — Mat- 
thew Davis, MD (Principal Investigator); 
Edward Ehrlich, MD; Peter Eichman, MD; 
Marshall Flax (Clinic Coordinator); Robert 
Harrison; Gene Knutson; Betty Lewis 
(Clinic Coordinator); Helen Lyngaas; 
Frank Myers, MD (Principal Investiga- 
tor); Michael Neider; Diane Quackenboss 
(Clinic Coordinator); Guy Somers; Michael 
Wage, MD, PhD (Principal Investigator); 
Shirley Zackman. 

Marshfield (Wis) Clinic. —Guerdon 
Coombs, MD; Gregory C. Doelle, MD; Paul 
Gottschalk, MD; Mark Haferman (Clinic 
Coordinator); Perey Karanjia, MD; Alan 
McKenzie, MD; Craig M. Mason, MD; Dan 
Mattson; Richard Miller, MD; Thomas Ni- 
kolai, MD (Principal Investigator); John 
Weir, MD. 

Louisiana State University Eye Center, 
New Orleans. — Patricia Baker (Clinic Co- 
ordinator); Rudolph Franklin, MD (Princi- 
pal Investigator); Susan Franklin (Clinic 
Coordinator); Carlos Garcia, MD; Tom 
Mueller; Trudy Parker (Clinic Coordina- 
tor); Dale Pennell; Henry Rothschild, MD, 
PhD. 

Department of Ophthalmology, Good Sa- 
maritan Hospital, Portland, Ore. — Rob- 
ert Biesbroeck, MD; Richard Chenoweth, 
MD; Linda Diehl (Clinic Coordinator); 
Richard Dreyer, MD (Principal Investi- 
gator); Robert Grimm, MD; Robert Hare, 
MD; Merrit Linn, MD; Otto Page, MD; 
Brewster Smith, MD; John Stephens, MD; 
Reed Wilson, MD. 

Diabetes Health Center, Salt Lake City, 
Utah.—Dana Clarke, MD (Principal In- 
vestigator); Kathleen Ford, MD; Nathanial 
Nord, MD; Donna Tomky (Clinic Coordi- 
nator); Sandy Weinrauch (Clinic Coordi- 
nator). 

Pfizer Central Research, Groton, Conn. — 
Kym Goddu; Valarie Lesko, RN, MBA; 
D. J. Mehta, MD; Edward Munster, PhD; 
Robert Myers, PhD; Michael Peterson, 
PhD (Principal Investigator). 
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National Eye Institute, Bethesda, Md.— 
Carl Kupfer, MD; Daniel Seigel, ScD. 


Data Coordinating Center 


Brigham and Women’s Hospital, Harvard 
Medical School, Boston, Mass.— Mari- 
anne Brower; Graham Colditz, MD; Nancy 
Cook, DSc; Ellie Danielson; Kim Eberlein; 
Charles Hennekens, MD, DrPH (Principal 
Investigator); JoAnn Manson, MD DrPH; 
Elizabeth Reilly; Bernard Rosner, PhD; 
Fran Stubblefield. 


Fundus Photograph Reading Center 


Department of Ophthalmology, University 
of Wisconsin, Madison. — Matt Davis, MD 
(Principal Investigator); Anik Ganguly; 
Larry Hubbard; Yvonne Magli; James 
Reimer; Suzanne Thomas. 


Neuropathy Testing Consultant 


Department of Neuroscience and Neurol- 
ogy, Albert Einstein College of Medicine, 
Bronx, NY.—Joseph Arezzo, PhD. 


Renal Function Laboratory 


Children’s Hospital of Pittsburgh (Pa).— 
Demetrius Ellis, MD. 


Red Blood Cell Sorbitol Laboratory 


Pfizer Central Research, Groton, Conn. — 
Nancy Hutson, PhD; Anthony Torchia. 


Bioscience Laboratory 


Smith-Kline BioScience Laboratories, 
Van Nuys, Calif.—Sue Bird; Susan 
Conway. 


Operations Committee 


Matthew Davis, MD (Study Chairman); 
Charles Hennekens, MD, DrPH, Data Co- 
ordinating Center; Michael Peterson, PhD, 
Pfizer Central Research; Daniel Seigel, 
ScD, National Eye Institute. 


Policy, Data, and Safety 
Monitoring Committee 


Peter Bennett, MB, FRCP, FFCM, Chief, 
Phoenix (Ariz) Epidemiology and Clinical 


Research, National Insti tute of Arthritis, 
Diabetes, Digestive, and Kidney Disease; 
Fred Ederer, Department of Ophthalmolo- 
gy, School of Medicine, Georgetown Uni- 
versity, Washington, DC; H. Harris Fun- 
kenstein, MD (deceased), Assistant 
Professor of Neurology, Harvard Medical 
School, Boston, Mass; George Hutchison, 
MD, MPH, Professor of Epidemiology, 
Harvard School of Public Health, Boston, 
Mass (retired); Aaron Kassoff, MD, Retina 
Division, Albany (NY) Medical College; 
Carl Kupfer, MD, Director, National Eye 
Institute (Chairman). 
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The Use of the Markov Process in Describing the 
Natural Course of Diabetic Retinopathy 


Satish K. Garg, MD; Guillermo Marshall; H. Peter Chase, MD; William E. Jackson, MD; Philip Archer, ScD; Michael J. Crews 


è The natural course of early diabetic 
retinopathy in young subjects with insu- 
lin-dependent diabetes mellitus was 
evaluated during 693 patient visits for 
259 subjects during a mean of 2.4 years. 
Diabetic retinopathy is considered a pro- 
gressive disease among people with in- 
sulin-dependent diabetes mellitus (type 
I). Improvement of early retinopathy has 
not been recognized as a part of the 
natural course. In our experience, 25% of 
observations in subjects with early dia- 
betic retinopathy (grades 2 and 3) 
showed improvement. Thus, 28 of 174 
observations of diabetic retinopathy im- 
proved from grade 2 to grade 1, and 34 of 
79 observations improved from grade 3 
to grades 2 or 1. Markov chains indicate 
that 25% of observations of diabetic reti- 
nopathy will change from grade 1 to 
grade 5 or 6 in 17.0 years and 25% will 
change from grade 2 to grade 5 or 6 in 
16.0 years. Future studies of diabetic 
retinopathy should consider a matrix of 
estimated transition probabilities, de- 
pending on the population, to judge 
probabilities of transition between states 


of retinopathy. 
(Arch Ophthalmol. 1990;108:1245- 
1247) 


[t is currently believed that “an esti- 

mated 97% of insulin-taking and 80% 
of non-insulin-taking persons with dia- 
betes for 15 or more years have reti- 
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nopathy.”’ Diabetic retinopathy (DR) 
currently “is the leading cause of new 
cases of blindness in people aged 20 to 
74 years in the United States.” The 
natural course of DR is poorly under- 
stood. It is known that patients with 
early DR tend to have progressive 
retinal changes, but may have signifi- 
cant regressions. The transition rates 
for progression and regression have 
not been previously described. Some 
studies attempting to slow or reverse 
the progression of DR have not includ- 
ed control subjects” and have assumed 
that all improvement is secondary to 
the intervention. Studies that have 
included subjects with type II diabetes 
(non-insulin-dependent) are complicat- 
ed by factors such as age, hyperten- 
sion, continued insulin production, in- 
sulin receptor insensitivity, and the 
hormonal changes of aging. The exclu- 
sive use of young subjects with type I 
diabetes is likely to provide better 
insight into the causes and natural 
course of retinopathy. The purpose of 
the present study is to better define 
the progression and regression of DR 
in subjects with type I diabetes. 


SUBJECTS AND METHODS 


Two hundred fifty-nine subjects who had 
type I diabetes for at least 5 years had a 
mean (+SEM) age of 17.8+0.2 years 
(range, 14 to 27 years) when initially seen in 
our eye-kidney clinic in 1986 and 1987. The 
eye-kidney clinic is open to all subjects 
followed up in our clinic who are 14 years of 
age or older and who have had type I 
diabetes for at least 5 years. There are no 
other criteria for attending the eye-kidney 
clinic, and more than 90% of eligible sub- 
jects attend the clinic. All subjects signed a 
consent form approved by the University of 
Colorado Health Sciences Center Human 
Subjects Committee. There were 115 males 
and 116 females. The mean (+SEM) dura- 
tion of insulin-dependent diabetes mellitus 


was 9.8+0.2 years (range, 6.8 to 13.4 
years). All subjects were seen at least 
twice, with visits 1 or more years apart, for 
a mean follow-up of 2.4 years. One hundred 
eighteen subjects attended the eye-kidney 
clinic twice and 107 subjects attended three 
times. Thirty-four subjects attended the 
eye-kidney clinic four times primarily be- 
cause of advanced DR. All of these observa- 
tions were included in the analyses. A total 
of 693 patient visits occurred during 2.4 
years, with 434 observations of change or 
no change in grade of retinopathy. All sub- 
jects had at least one follow-up examina- 
tion. Yearly data were not available for all 
subjects, which necessitated using two 
methods of statistical analysis, as described 
below. 

The ophthalmologic examinations includ- 
ed pupil dilatation, direct ophthalmoscopy 
by two examiners (one ophthalmologist and 
one pediatrician), a slit-lamp examination, 
color retinal photography of seven standard 
fields in both eyes, and fluorescein angiog- 
raphy. The initial retinal grading was done 
by the ophthalmologist while he or she 
performed the direct ophthalmoscopic/slit- 
lamp examination. The final grading for 
each eye was done using photographs of the 
seven standard fields and (for initial evalua- 
tions or when marked changes were detect- 
ed) fluorescein angiograms. The eyes were 
graded for the presence or absence of mi- 
croaneurysms, soft exudates, venous cali- 
ber abnormalities, and proliferative 
changes. Repeated analysis of the combina- 
tion of color retinal photographs and fluo- 
rescein angiograms done in a masked fash- 
ion by the retinal specialist 1 year later 
gave a reproducibility of 95% for retinal 
grades for a group of 230 subjects. This 
probably reflects in part the limited amount 
of disease seen in this group. The grading of 
retinal findings was done by a retinal spe- 
cialist (W.E.J.) on each visit in a masked 
fashion without knowledge of the previous 
retinal classification or other clinical param- 
eters of the modified Airlie House classifica- 
tion system”® for the worst eye initially. In 
this classification, grade 1 indicates no reti- 
nopathy; grade 2, microaneurysms only; 
grades 3 and 4, intermediate stages of 
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background retinopathy; and grades 5 and 
6, preproliferative. and proliferative reti- 
nopathy, respectively. 


STATISTICAL METHODS 


Two methods of statistical analysis, Mar- 
kov chains‘ and Markov process, were used 
to determine the transition probability ma- 
trix. The Markov chains’ is a probability 
model based on the transition matrix, which 
can describe the probability of change from 
one state to another. In Markov chains, the 
transition matrix determines the probabili- 
ty of changing from one state to another 
using discrete steps (ie, years). To calculate 
transition probabilities for a longer period, 
we multiplied the transition matrix by itself 
as many times as we wanted to predict 
years in the future. For example, if the 
transition matrix represents 1 year of tran- 
sition, we multiply the matrix by itself four 
times to predict 4 years of transition. 

The Markov model, using the Markov 
process, as recently described by Kay, is 
an extension of Markov chains using contin- 
uous time. This model allows estimation of 
the transition probability matrix when the 
data are collected at different intervals. The 
Markov process was used to confirm the 
estimations of the transition matrix initially 
calculated using discrete times (Markov 
chains). 

The term absorbing state is used to refer 
to a state from which there is no regression 
(stages 5 and 6 in this case). 


RESULTS 


A transition matrix for changes be- 
tween grades of retinopathy is shown 
in Table 1. It can be seen in Fig 1 and 
in the transition probability matrix 
(Table 2) that 36 (26%) of 136 observa- 
tions showed progression from grade 1 
to 2, and 28 (15%) of 181 observations 
showed regression from grade 2 to 1. 
Approximately 38 (44%) of 86 observa- 
tions for subjects with grades 3 or 4 
retinopathy changed for the better 
during the year between examina- 
tions. Sixty-four (24%) of 267 observa- 
tions for grades 2 through 4 retinopa- 
thy showed improvement, and 105 
(26%) of 403 observations for grades 1 
through 4 retinopathy showed worsen- 
ing. No change was detected for 144 
observations of subjects with grades 2 
through 4 retinopathy. Grades 5 and 6 
retinopathy (preproliferative and pro- 
liferative, respectively) did not im- 
prove and, thus, presumably repre- 
sented an absorbing state. A 
probability matrix (Table 2) can be 
estimated from the transition matrix, 
giving the probability of change for 1 
year between eye categories by ex- 
pressing the numbers in a row as a 
proportion of the total for that row. 

If one assumes that this transition 
probability matrix remains constant 
over time (that is, the sequence of 
transitions is a Markov process),’ then 


Severity Grade 
of Retinopathy 
at Start 





Fig 1.— Top, Observations of change in grade of retinopathy for 2.4 years among young subjects 
with insulin-dependent diabetes mellitus. The numbers in the circles indicate the grade of 
retinopathy; solid bars with arrows to the right, progression; and broken bars with arrows to the 
left, regression. Bottom, No. of subject observations per year with no change in grade. 
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a multiyear transition matrix can be 
generated by taking successive powers 
of the l-year matrix given in Table 2. 
Call this matrix T. For example, T, 
gives 4-year transitions between 
states as shown in Table 3. In 4 years, 
those who started with grade 1 reti- 
nopathy will be distributed through all 
five categories, but only 7% will be in 
category 4 and only 3% will be in 
category 5-6. Category 5-6 remains an 
absorbing state. 

The patients from whose data these 
estimates were made were distributed 
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Probability of Observations 


Severity Grade of Retinopathy After 1 Year 


among the first four retinopathy 
grades as follows: grade 1, 33.7%; 
grade 2, 44.9%; grade 3, 19.4%; grade 
4, 2.0%; and grades 5 and 6, 0%. With 
this distribution, the mean grade is 
1.9. If we treat this distribution as a 
vector and multiply it by the matrix T,, 
this gives the distribution of grades 
that one would expect in this sample 
after 4 years of observation in the 
absence of treatment. This distribution 
is as follows: grade 1, 26.8%; grade 2, 
42.9%; grade 3, 20.3%; grade 4, 6.4%; 
and grades 5 and 6, 3.6%. This distri- 
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bution has a mean grade of 2.2, indicat- 
ing about 0.3 grade units of increase 
during a 4-year period in the absence 
-of.treatment. The SD of grades is 
bout 1.1. These estimates would be 
useful for estimating the needed sam- 
ple size in future intervention studies 
-to alter the course of DR. 

Using the Markov model, we esti- 
mate the probability of reaching pre- 
proliferative or proliferative (grade 5 
or 6) retinopathy. Figure 2 shows this 
probability for subjects who start at 
grades 1 through 4. For example, 25% 
of subjects with grade 4 retinopathy 
would be predicted to progress to 
-grade 5 or 6 in 3 to 5 years. 


COMMENT 


o. The natural course of DR, as de- 
-scribed in this report, relates only to 
pe I diabetes. Factors influencing 
= DR are currently unknown and have 
been addressed by us and others in the 
"= If one considers all sub- 


-recent past.”” 
ject observations, including those with 
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no change, 63 (24%) of 267 total obser- 
rations during these 3 years actually 
showed improvement. During the 
same period, 105 (26%) of 403 observa- 
tions showed worsening. A recent re- 
port” also noted that 6.9% of subjects 
at a mean age of 28.3 years with 
development of diabetes younger than 
age 30 years, showed improvement in 
retinopathy. This is somewhat lower 
than we found and could be related to 
the older age of the patients of Klein et 
al.” 

The transition state is probably not 
stable over time because many factors, 
such as duration of diabetes” and pu- 
berty,™” have been shown to be impor- 
tant variables in relation to DR. How- 
ever, the data represent the expected 
transition rates for an average subject. 
Estimating the transition probability 
matrix using the Markov process in 
continuous time, we found that the 
transition probability matrix (Table 2) 
was a good approximation. A statisti- 
cal program to describe transition 
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Probability of Progressing to Grade 5 or 6 
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Fig 2.— Probability of progressing to grade 5 
or 6 if the initial eye is grade 1 (line with solid 
squares); grade 2 (solid line); grade 3 (line 
with open squares); or grade 4 (line with 
triangles). 


rates using the Markov model with 
covariables is now being developed and 
will be the subject of a future report. . 

It is apparent from our data that 
early DR is more likely to regress than 
is more advanced retinopathy. Medical - 
intervention trials have not considered 
the natural regression of early DR.” ~ 
Future intervention studies of DR- 
should use a transition probability ma- 
trix to arrive at appropriate sample — 
sizes and proper control groups, thus - 
removing spontaneous improvement in 4 
DR as a confounding variable. ; 
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Efficacy of Prism Adaptation in the Surgical 
Management of Acquired Esotropia 


Prism Adaptation Study Research Group 


è Prism adaptation, the preoperative 
use of prisms in acquired esotropia to 
determine the maximum angle of strabis- 
mus and to estimate fusional potential, 
has been suggested as a method of im- 
proving the results of initial surgery and 
minimizing the rate of reoperation. We 
performed a prospective, randomized, 
multicenter clinical trial of the effective- 
ness of prism adaptation. Two levels of 
randomization were used. Sixty percent 
of the patients underwent prism adapta- 
tion and 40% did not. Of those who 
responded to prisms with motor stability 
and sensory fusion, half underwent a 
conventional amount of surgery and half 
underwent augmented surgery based on 
the prism-adapted angle of deviation. 
Success rates were highest (54 [89%] of 
61 patients) in prism adaptation respond- 
ers who underwent augmented surgery 
and lowest (92 [72%] of 127 patients) in 
patients who did not undergo prism ad- 
aptation. Prism responders had better 
results with augmented surgery than 
with conventional surgery (54 [89%] of 61 
patients vs 53 [79%] of 67 patients, 
P=.23). Our results indicated a signifi- 
cant beneficial overall effect of prism 
adaptation in patients with acquired eso- 
tropia (success rates, 83% vs 72%, 
P=.04). Although the process requires 
some additional time and effort, it ap- 
pears to result in a higher rate of satis- 
factory alignment. 

(Arch Ophthalmol. 
1256) 


1990;108:1248- 


Tre goal of strabismus surgery is to 

align the eyes to permit fusion with 
a minimum number of operations, re- 
ducing morbidity, stress, and cost. Pri- 
or to starting the present study, par- 
ticipating investigators reviewed their 
results for recent patients with ac- 
quired esotropia who were treated 
conventionally by surgery (unpub- 
lished data). Fifty percent to 60% had 
residual deviations in excess of 8 prism 


diopters. Most patients with unsatis- 
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factory outcomes had undercorrection. 

The preoperative use of prisms, in- 
cluding adaptation to prism wear, has 
been proposed as a means of more 
accurately determining the target an- 
gle for strabismus surgery. The use of 
prisms as a preoperative testing tech- 
nique was first described by European 
clinicians in the 1960s.'* Improved sur- 
gical results were reported (in studies 
by Berard’ and Aust and Welge-Lus- 
sen”) when prisms were used to deter- 
mine the angle of deviation (the “tar- 
get angle”) to be corrected surgically. 
American studies also claimed suc- 
cess.” Iacobucci et al” reported 
that, in some patients, prism adapta- 
tion eliminated the need for surgery. 
Scott” used prism adaptation preoper- 
atively in a series of patients with 
acquired esotropia and concluded it 
was “quite helpful in determining the 
amount of deviation to operate on and 
is a good prognosticator.” Scott and 
Thalacker” indicated further that ap- 
proximately two thirds of patients de- 
veloped sensory fusion while wearing 
prisms and that, among such patients, 
approximately 82% had deviations of 
8 A or less 6 months after surgery. 

These studies differed in methods of 
prism application, patient selection, 
length of follow-up, and techniques 
used to evaluate sensory and motor 
status after surgery. They provided a 
rational basis for the hope that prism 
adaptation could improve the results of 
initial surgery and substantially re- 
duce the rate of reoperation. However, 
all of these studies were retrospective 
and nonrandomized. 

Prism adaptation in the present 
study is defined as the preoperative 
wearing of Fresnal prisms to offset the 
angle of esotropia, with adjustment of 
prism power over time to accommo- 
date buildup to larger angles of esotro- 
pia, until fusion is achieved or it is 
demonstrated that fusion cannot be 
attained. Prism-adapted surgery re- 
fers to surgery for the angle of devi- 
ation at which the prism wearer 
achieves fusion. 

The present study is a randomized, 
multicenter clinical trial on the preop- 
erative use of prisms in patients with 


acquired esotropia whose deviations 
could not be fully corrected with glass- 
es and who had a residual angle of 12 A 
or greater. The primary objectives 
were to answer the following related 
questions: (1) Does the overall effect of 
the prism adaptation process increase 
the chances of good postsurgical align- 
ment of the eyes? (2) Are patients who 
demonstrate fusion after a period of 
wearing prisms more likely to have 
successful alignment if they undergo 
surgery for their presenting angle of 
esotropia or surgery for their prism- 
adapted angle of esotropia? 


PATIENTS AND METHODS 


Recruitment of Patients 
and Eligibility Criteria 


Investigators at 14 centers screened 3574 
patients who were at least 3 years of age, 
had no previous eye surgery, and had eso- 
tropic deviations of 12 to 40 A. Approxi- 
mately 10% of those screened (333 patients) 
were randomized into the study. Exclusion 
criteria are listed in Table 1. The objective 
of several of these criteria was to increase 
the likelihood that patients did in fact have 
acquired esotropia and not congenital eso- 
tropia. Patients showing fusion in response 
to the red filter and light test were ex- 
cluded because, if they were randomized to 
wear prisms, they would be likely to have 
an immediate fusion response at their initial 
angle of deviation. They would then under- 
go surgery for their initial angle and thus 
would be treated no differently than pa- 
tients in the control group, and had little or 
no potential to benefit from prism adapta- 
tion. Consent procedures and forms ap- 
proved by each clinic’s institutional review 
board were used. Only 4.7% of candidates 
for the study were unwilling to participate 
(Table 1). 

Stability of deviation was established pri- 
or to entry into the study by requiring 
measured angles of esotropia within 5 A on 
two consecutive visits at least 1 week apart. 
Two cycloplegic refractions were required 
before entry, with agreement to within 0.50 
spherical diopters, and spectacles with the 
proper correction had to have been worn for 
at least a month. Visual acuity had to be at 
least 20/40 or better in each eye at entry. A 
period of full-time occlusion therapy prior to 
entry was allowed for patients with a histo- 
ry of amblyopia to ensure that they were 
brought up to their best possible visual 
acuity prior to being randomized. 
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Measurements 


Sensory tests performed at the time of 
entry into the study and at the postopera- 
tive follow-up examination included the 
Worth four-dot test at 6 and 0.33 m, the 
Titmus Stereo Test (Stereo Optical, Chica- 
go, Ill), the Bagolini lens test, the red filter 
and light test, and the American Optical 
Vectograph circle stereotest (Leica Inc, 
Buffalo, NY) at 6 m. Motor alignment was 
measured by the simultaneous prism and 
cover test (SPCT) and the alternate cover 
and prism test (ACPT) at 6 and 0.33 m in 
straight, vertical, and horizontal gazes. Cy- 
cloplegia was obtained by instilling two 
drops of 1% cyclopentolate hydrochloride in 
each eye 5 minutes apart. Retinoscopy, 
with subjective refinement when possible, 
was performed 30 to 60 minutes after the 
first drop. Spectacle correction was pre- 
scribed, to within 0.50 D of the patient's 
eycloplegic refraction, if (a) the spherical 
equivalent of the refraction was greater 
than 1.50 D of hyperopia, (b) anisometropia 
of greater than 1.50 D spherical equivalent 
was present, (c) a myopic spherical equiva- 
lent of greater than 1.00 D was present in 
both eyes, or (d) astigmatism of greater 
than 1.50 D was present in either eye. 
Measurements of strabismic deviations 
were performed with loose plastic prisms 
without stacking (Thompson and Guyton”). 
Detail on the standard measurement tech- 
niques used in the study may be found in 
the Manual of Procedures, available on 
request from the data coordinating center. 


Investigator Criteria 


All participating investigators were 
trained in the study protocol, examined, 
and certified to ensure uniform testing 
skills. All participating centers employed 
standardized testing equipment, examina- 
tion lanes, and Fresnel press-on prisms 
(Signet Armorlite Inc, San Marcos, Calif). 
Site visits to all centers were conducted by 
the study director and staff from the data 
coordinating center to verify adherence to 
protocol and uniformity from center to 
center. 


Prism Prescription 


Prism prescription was based on the mea- 
surement of deviation by the ACPT, with 
the patient wearing the proper refractive 
correction and fixating on an accommoda- 
tive target 20/40 or smaller in primary 
position at 6 m. The amount of prism 
needed to neutralize the distance deviation 
on the ACPT was mounted on the specta- 
cles. If the angle of deviation fell between 
two prism powers, the higher prism power 
was used. The prism power was divided as 
equally as possible between the two eyes. 
Where unequal prisms were necessary to 
make up the total deviation measured, the 
larger prism was placed before the fixing 
eye. The patient was asked to wear the 
prisms for 10 minutes before the SPCT at 
6 and 0.33 m was repeated, with the patient 
still wearing the prisms. If the patient's 
eyes converged at an angle greater than 8 A 
after wearing the prisms for at least 10 
minutes, the total angle was again mea- 
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Exclusion Criterion 
Unwilling to participate 
Onset of esotropia before 6 months 
Dissociated vertical deviation 
Manifest nystagmus 
Latent nystagmus 
Vertical strabismus >3 diopters 
A/V pattern 
Incomitance 
Visual acuity worse than 20/40 
Inability to assess visual acuity 
Distant and near deviation differential >10 A 
Inability to do Worth four-dot test 
Fusion on red filter test 
Not a surgical candidate 
Other reason for exclusion 


IG) abe, KAN E pee 
No. (%) of Screenees 
Reporting Criterion * 


168 (4.7) 
462 (12.9) 
190 (5.3) 
151 (4.2) 
168 (4.7) 
599 (16.8) 
552 (15.4) 
245 (6.9) 
943 (26.4) 
497 (13.9) 
514 (14.4) 
311 (8.7) 
393 (11.0) 
760 (21.3) 
484 (13.5) 





* More than one reason for exclusion may have been reported. The total number of patients screened was 


3574; 333 patients were randomized. 


sured with the ACPT, and sufficient prism 
was mounted to render the patient 0 to 8 A 
esotropic at 0.33 m. The patient left the 
office wearing the prisms, either without a 
shift on the SPCT or with an esotropic shift 
of 8 A or less while fixating at 0.33 m. An 
exotropic shift of 5 A or less at 6 m was 
permissible. 


Follow-up and Prism Adjustment 


Patients undergoing prism adaptation 
were reexamined at weekly intervals. The 
sensory status was tested with the patient 
wearing the prisms using the Worth four- 
dot test, the Titmus Stereo Test, and the 
American Optical Vectographic circle ster- 
eotest at 6 m. Alignment through the 
prisms was assessed using the SPCT. If the 
deviation was greater than 8 A at 6 and 
0.33 m and no fusion was elicited, more 
prism was added until stability was 
achieved. The patient again left the office 
with 0.8 A of esotropia and was followed up 
at 1-week intervals for up to 4 weeks, with 
readjustment of prisms if necessary, until 
prism response or nonresponse was 
determined. 


Prism Adaptation Response 


The patient was classified as a prism 
adaptation responder if, while wearing 
prisms, the SPCT deviation was between 
0 and 8 A of esotropia at distance and near, 
and one of the following applied: (1) The 
patient reported a fusion response on the 
Worth four-dot test at 0.33 m. (2) The 
patient reported diplopia on the Worth 
four-dot test at 0.33 m but also identified at 
least (a) the first two consecutive circles (of 
nine) and (b) the first two consecutive ani- 
mals (of three) on the Titmus Stereo Test. 


Prism Adaptation Nonresponse 


The patient was defined as a prism adap- 
tation nonresponder under any of the fol- 
lowing conditions: (1) The patient developed 
an exotropic shift through the prisms on the 
SPCT at distance or near, with a suppres- 
sion response to the Worth four-dot test. (2) 
The SPCT deviation was between 0 and 8 A 
of esotropia at distance and near, but no 
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fusion was present. In such cases, the 
prisms were left in place, with the patient’s 
esotropic deviation remaining between 
0 and 8 A, until either fusion was estab- 
lished at one of the weekly follow-up exami- 
nations or 30 days had elapsed. If no fusion 
was elicited after 30 days of wearing a fixed 
prescription of prisms, the patient was clas- 
sified as a prism nonresponder. (3) The 
patient’s deviation built up to exceed 60 A 
through the course of the adaptation pro- 
cess (this is the upper limit that can be 
neutralized by bilateral Fresnel press-on 
prisms). 


Amblyopia Therapy and 
Blurring of Vision 


If, during prism adaptation, the patient's 
visual acuity decreased to less than 20/40 in 
either eye, patching was prescribed to re- 
cover vision. A few cases of blurring of 
vision while wearing prisms were reported, 
particularly by patients wearing the larger- 
angle prisms. For patients who drove cars, 
an extra set of prism-free spectacles was 
provided, and they were instructed not to 
wear prisms while driving. 


Definitions of the Target 
Angle for Surgery 


The target angle was defined as the angle 
of esotropia, on which amounts of muscle 
surgery were based. The relationship be- 
tween the target angle and the amount of 
surgery was specified by the surgical table 
(Table 2). This table represented the con- 
sensus among the participating investiga- 
tors for optimal amounts of recession and 
resection for the specified angles of devi- 
ation. In the group initially randomized to 
conventional treatment (those who did not 
have preoperative prism adaptation), the 
target angle was based on the patient's 
ACPT distance deviation, measured at the 
time of entry. 

Use of prisms was discontinued in prism 
adaptation nonresponders. The target angle 
for this group also was the distance of 
esotropic deviation measured by the ACPT 
at the time of entry into the study. 

Use of prisms was continued until sur- 
gery in prism adaptation responders. The 
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second randomization was done within 
24 hours preceding surgery. Approximately 
half of the patients who responded to prism 
adaptation were assigned (Fig 1) to undergo 
surgery for an angle equaling the total 
amount of prism they were wearing at the 
time response was determined. Patients in 
the other half of the sample were assigned 
to undergo surgery for their angle of devi- 
ation as measured at the time of entry into 
the study. 


Surgical Technique, Measurement, 
and Documentation 


The modified Von Pirquet technique™ for 
horizontal rectus muscle recession and re- 
section was used by all investigators. Re- 
cessions and resections were secured with 
6-0 polygalactin 910 (Vicryl) suture passed 
within 2 mm of the rectus muscle insertion 
exposed by a limbal conjunctival incision. 
The amount of recession or resection was 
measured from the original insertion with 
the Scott curved ruler (Scott et al'’), with 
any muscle sag limited to 0.5 mm. Resec- 
tions were performed in the nonfixating eye 
when there was a clear fixation preference. 
For quality control, at least two surgical 
photographs were taken with the curved 
ruler in place so that muscle placement and 
surgical technique could later be evaluated 
by three readers masked to the patient's 
identity, the treatment assignment, and the 
surgeon's identity. 


Postsurgical Evaluation 
and Study End Point 


Follow-up examinations of all patients 
were scheduled 1 week, 1 month, 3 months, 
6 months, and 12 months following surgery. 
The study protocol placed restrictions on 
postsurgical therapy. Specifically, no 
changes in glasses prescription and no am- 
blyopia therapy prior to the 6-month follow- 
up examination were allowed unless the 
patients visual acuity decreased by two 
lines or more compared with the preoper- 
ative visual acuity. No repeated surgery or 
prism therapy was permitted prior to the 6- 
month follow-up examination. At the 6- 
month follow-up examination, each patient 
was evaluated by a certified examiner who 
was masked to the previous treatment of 
the patient. The primary end point of the 
study was defined to be the deviation as 
measured by the masked examiner using 
the SPCT at 6 m. A successful outcome was 
defined as a deviation of 8 A or less of 
esotropia or exotropia. 

The masked follow-up examination at 
6 months permitted an unbiased evaluation 
after the patient’s postsurgical deviation 
had had a chance to stabilize. Reoperation 
for bad outcomes was permitted after the 
masked examination. Patients were also 
examined 12 months after surgery, but not 
by a masked examiner. The results of the 
12-month follow-up examination are not dis- 
cussed in this report. 


Statistical Considerations 


Study Design.—The Prism Adaptation 
Study had a somewhat more complex de- 
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Table 2.—Amounts of Medial Rectus Recession and Lateral Rectus Resection for 
Ranges of Target Angles 


Amount of 
Medial Rectus 
Recession in 


Target Angle, 
Prism Diopters 


36 to 40 
41 to 45 
46 to 50 
51 to 55 
56 to 60 


All Patients 
N=333 


Level 1 Randomization 


Non-PA/ES 


C 
PA Nonresponders 
n=68 


PAR/ES 


E 


Surgery for Angle 
at Entry 


n=67 


PANR/ES 


Amount of 
Lateral Rectus 
Resection in 


5.0 
6.0 
7.0 





D 


PA Responders 


n=131 


Level 2 Randomization 


F 
Surgery for 
Prism-Determined Angle 
n=64 


PAR/PS 





Fig 1.—Design diagram of the prism adaptation (PA) trial and numbers of patients in each 
treatment group. Non-PA/ES indicates non-PA patients who underwent surgery for the entry 
angle of esotropia; PANR/ES, PA nonresponders who underwent surgery for the entry angle of 
esotropia; PAR/ES, PA responders who underwent surgery for the entry angle of esotropia; and 
PAR/PS, PA responders who underwent surgery for the prism-determined angle of esotropia. 


sign than many randomized clinical trials, 
dictated by the need to address two related 
clinical questions: 

1. Are patients who go through the 
whole prism adaptation process and, if they 
are prism responders, undergo surgery for 
the prism-determined angle of deviation 
more likely to have a satisfactory postsurgi- 
cal outcome than patients who simply un- 
dergo surgery for their presenting angle of 
deviation? This is the overall effect 
question. 


2. Among the subset of patients who 
respond to prism adaptation, are those who 
undergo surgery for their prism-adapted 
angle more likely to have successful align- 
ment than those who undergo surgery for 
their entry angle of deviation? 

A two-tiered randomization design was 
implemented to address these questions 
(Fig 1). Patients were randomized initially 
to either have or not have prism adaptation. 
Those who did not have prism adaptation 
underwent surgery for their entry angle of 
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not undergo prism adaptation (cell B) were 
found, at the end of the process, to be either 
nonresponders (cell C) or responders (cell 
D). Prism responders were randomized at 
‘the second level to have surgery either for 
‘their entry angle of deviation (cell E) or for 
‘their prism-adapted angle (cell F). The two 
‘questions of interest in the study are ad- 
‘dressed by comparing combinations of suc- 
ess rates in the various cells of Fig 1. The 
appropriate control group for the group of 
patients who responded to prism adaptation 
and underwent prism-adapted surgery (cell 
F) is the group of prism adaptation re- 
sponders who underwent surgery for their 
entry angle of deviation (cell E). The appro- 
priate control group for all prism-adapted 
patients (cells C and F) is the group of 
patients who did not undergo prism adapta- 
tion at all but only underwent surgery for 
‘their entry angle of deviation (cell A). The 
latter group no doubt included some pa- 
tients who would have been nonresponders 
if they had undergone prism adaptation. 

Sample Size and Power Consider- 
ations.—Sample size estimates for the 
study were based on the following assump- 
tions: (1) Two-sided statistical tests of hy- 
potheses would be employed with signifi- 
cance level a= .05. (2) A statistical power of 
at least .80 for both questions of interest 
was desired, assuming the alternative hy- 
pothesis of an 85% success rate in cell F of 
Fig 1 vs success rates of 60% in cells A, C, 
and E. 

_.The required total sample size for these 

issumptions was 285 pane This figure 
increased by 10%, to 314 patients, to 
or expected losses on follow-up. With 
mber of patients, the statistical pow- 
addressing the overall effect question 
xcess of .90, while the statistical 
r addressing the second question 
proximately 80. 
-= Statistical Analysis.—The second ques- 
tion of interest is addressed by a straight- 
forward comparison of the success rates in 
cells E and F of Fig 1. Fishers Exact Test 
‘Is used for this comparison. 

Analysis appropriate to the first question 
(the overall effect) is more complicated. One 
must compare the success rate in cell A (P,) 
with a weighted average of the success 

„Yates in cells F and C. Specifically, a z 
statistic of the form 


a z= d/SE(8) 
% is s computed, wher e 


: 7 =P, {fr x dP + [0 =r) xP, 


where P,, P,., and P, indicate the observed 
suceess rates in cells A, F, and C, respec- 
tively, and r indicates the observed rate of 
response to prisms. Under the null hypoth- 
esis of no overall treatment effect, this z 
statistic has an approximately standard 
normal distribution with a zero mean. 

Analyses of differences in motor plus 
fusional success rates are based on similar 
statistics. Analyses of differences in mean 
residual deviations between the various 
-groups are based on z statistics and the 
-Wilcoxon Rank-Sum Test. Linear regres- 
alyses were performed to assess the 
: of angle buildup during prism adapta- 
tion on the postsurgical deviation. 





















N 108, September 1990 





ation (cell A in I Fig 1). Those who did 


RESULTS 


The following abbreviations will be 
used in reference to the various out- 
come groups: PAR/ES indicates prism 
adaptation responders assigned at lev- 
el 2 to undergo surgery for their devi- 
ation at entry into the study (cell E); 
PAR/PS, prism adaptation responders 
assigned at level 2 to undergo prism- 
determined surgery (cell F); 
PANR/ES, prism adaptation nonre- 
sponders who underwent surgery for 
their deviation at entry into the study 
(cell C); and non-PA/ES, patients as- 
signed at level 1 not to have prism 
adaptation who underwent surgery for 
their deviation at entry into the study 
(cell A). 


Baseline Characteristics 


Of 3574 patients screened for the 
study, 333 (9.8%) met the eligibility 
requirements and were randomized at 
the 14 participating clinical centers 
over the 5-year period from April 1984 
to April 1989 (Table 1). The numbers 
of patients in each study group are 
shown in Fig 1. Of the 199 patients 
assigned to prism adaptation, 131 
(66%) were classified as prism re- 
sponders and 68 (34%) as nonre- 
sponders. Baseline characteristics in 
the various groups are shown in 
Table 3. 

Table 3 indicates the approximate 
equality of distributions of most base- 
line prognostic factors between the 
various treatment groups. An excep- 
tion to this is the proportion of patients 
with equal vision (ie, best corrected 
visual acuity in the two eyes within 
one line on a standard eye chart)— 82% 
in the PAR/ES group and 59% in the 
PAR/PS group. This was a chance 
association, since prism adaptation re- 
sponders were assigned randomly to 
these two groups. Similarly, the 
PAR/PS group happens to have a high- 
er proportion of patients with large 
initial angles of deviation than the oth- 
er groups. The possible effects of these 
imbalances on outcome are noted in the 
“Comment” section. 

Table 3 also indicates some differ- 
ences between nonresponders 
(PANR/PS) and the two PAR groups: 
nonresponders tend to have earlier 
stages of onset of strabismus and long- 
er duration of strabismus. 

Of the 333 patients at level 1, 322 
were evaluated for this report. Those 
excluded from this analysis are listed 
in Table 4. Six patients did not under- 
go surgery, and one had surgery at a 
nonstudy clinic and refused further 
follow-up. For four other patients, 
evaluations by a masked examiner 
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wa not be scheduled. Results of 


their unmasked examinations are — 
shown in Table 4. If these patients had - 
been included in the analysis, with - 
those not having surgery counted as _ 
treatment failures, the results would 


have been even more favorable to the ` 


prism adaptation groups. However, 


since their reasons for not being evalu- > 


ated did not appear to be related to 
their treatment assignment, we have 
taken a more conservative approach, 


excluding them from the main analysis 


of results. 


Prism Adaptation, Target Angles, 
and Amounts of Surgery 


Table 5 shows the median number of 
days to determine the response to 
prisms for patients assigned to prism 
adaptation at level 1 and the median 
number of days from randomization to 
surgery for patients in each treatment 
group. Patients in the non-PA/ES 
group tended to have surgery sooner 


than patients in the prism adaptation 


groups because of the time required to 
assess prism adaptation response. On 
average, 3.5 clinic visits (range, one to 
12) were required to adjust prisms and 
determine the prism response status. 
Among those who were prism- 
adapted, nonresponders typically re- 
quired more time for the process to 
reach a conclusion. Five of the 68 
patients randomized to prism adapta- 
tion refused to wear prisms and are 
classified in the analysis as nonre- 
sponders. Of these five patients, one 
did not have a 6-month examination, 
two were orthotropic, one had an exo- 
tropia of 6 A, and one had an exotropia 
of 9 A. The latter four patients were 
included in the primary analysis, but 
the overall findings would not change if 
they had been excluded. Of the 63 
nonresponders who did comply with 
the adaptation process, 39 (62%) 
achieved stability of the angle of eso- 
tropia but never demonstrated fusion, 
17 (27%) became exotropic while wear- 
ing prisms, and 7 (11%) built up angles 
greater than 60 A. Of the 199 prism 
adaptation patients, a total of 131 
(66%) were prism responders. 

Mean angles of deviation for which 
surgery was performed in each group 
are shown in Table 5, For prism re- 
sponders in the PAR/PS group, these 
are mean amounts of prism worn at the 
time response was determined. For 
the other three groups, the mean tar- 
get angles were based on results of the 
ACPT at 6 m as measured at the time 
of entry into the study. 

Average total amounts of surgical. 
recession and resection for each of the. - 
treatment groups are also shown in 
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No. (%) of Patients * 


OL Aa——— 


PAR/ES Group PAR/PS Group PANR/ES Group 


All Prism-Adapted 





<4 19 (28) 16 (25) 20 (29) 

5-7 30 (45) 32 (50) 30 (44) 

=>8 18 (27) 16 (25) 18 (26) 
Sex 

M 45 (67) 36 (56) 39 (57) 

F 22 (33) 28 (44) 29 (43) 
Race 

WwW 57 (85) 54 (84) 54 (79) 

B 8 (12) 8 (12) 10 (15) 

Other 2 (3) 2 (3) 4 (6) 
Age at onset, mo 

6-12 10 (15) 6 (9) 16 (23) 

13-24 16 (24) 12 (19) 21 (31) 

25-36 16 (24) 19 (30) 15 (22) 

>36 25 (37) 27 (42) 16 (23) 
Duration of strabismus, mo 

0-12 10 (15) 9 (14) 5 (7) 

13-24 13 (19) 14 (22) 12 (18) 

25-48 26 (39) 23 (36) 19 (28) 

>48 18 (27) 18 (28) 32 (47) 
Refractive correction 

Myopia 3 (4) 4 (6) 4 (6) 

Emetropia 8 (12) 9 (14) 13 (19) 

Mild hyperopia 40 (60) 38 (59) 39 (57) 

Hyperopia =4 diopters 16 (24) 13 (20) 12 (18) 
Equality of vision 

Equal 55 (82) 38 (59) 36 (53) 

=> 1 line of difference 12 (18) 26 (41) 32 (47) 
Deviation on ACPT at 6 m, prism diopterst 

<20 27 (40) 19 (30) 23 (34) 

21-30 30 (45) 29 (45) 30 (44) 

31-40 10 (15) 16 (25) 15 (22) 
Deviation on SPCT at 6 m, Ał 

<20 35 (52) 21 (33) 30 (44) 

21-30 24 (36) 29 (45) 23 (34) 

31-40 8 (12) 14 (22) 15 (22) 


Patients Non-PA/ES Group 
55 (28) 43 (32) 
92 (46) 61 (45) 
52 (26) 30 (22) 

120 (60) 65 (48) 
79 (40) 69 (52) 

165 (83) 120 (90) 
26 (13) 12 (9) 

8 (4) 2 (1) 
32 (16) 16 (12) 
49 (25) 46 (34) 
50 (25) 28 (21) 
68 (34) 44 (33) 
24 (12) 15 (11) 
39 (20) 30 (22) 
68 (34) 39 (29) 
68 (34) 50 (37) 
11 (5) 5 (4) 
30 (15) 22 (16) 

117 (59) 76 (57) 
41 (21) 31 (23) 

129 (65) 89 (66) 
70 (35) 45 (34) 
69 (35) 47 (35) 
89 (45) 59 (44) 
41 (21) 28 (21) 
86 (43) 62 (46) 
76 (38) 52 (39) 
37 (19) 20 (15) 


*PAR/ES indicates prism adaptation (PA) responders who underwent surgery for the entry angle of esotropia; PAR/PS, PA responders who underwent surgery for 
the prism-determined angle of esotropia; PANR/ES, PA nonresponders who underwent surgery for the entry angle of esotropia; and non-PA/ES, non-PA patients who 


underwent surgery for the entry angle of esotropia. 
tACPT indicates alternate cover and prism test. 
SPCT indicates simultaneous prism and cover test. 






; Table 4.—Patients Excluded From Analysis 
1 


Non-PA No surgery; patient became fearful and refused 








2 Non-PA No surgery; mother refused, child had sickle cell trait 
3 Non-PA No surgery; parents refused 
4 Non-PA No surgery; financial reasons 






Non-PA 





No surgery; pulmonary abnormality 












Non-PA 





No masked examination, esotropic deviation of 4 prism diopters on 
unmasked examination at 1 month 








9 PAR/PS No masked examination, esotropic deviation of 6 A on unmasked 
examination at 3 months 

10 PAR/PS No masked examination, exotropic deviation of 3 A on unmasked 
examination at 6 months 

11 PANR/ES No masked examination, esotropic deviation of 6 A on unmasked 






examination at 12 months 
*Non-PA indicates patients who did not undergo prism adaptation (PA); PAR/PS, PA responders who under- 
went surgery for the prism-determined angle of esotropia; and PANR/ES, PA nonresponders who underwent 
surgery for the entry angle of esotropia. 





Table 5. The largest recessions of me- - 
dial rectus muscles occurred in the 
PAR/PS group. There were eight pa- 
tients in this group for whom resection 
of a lateral rectus muscle was done, 
since, in the prism adaptation process, 
they built up to prism amounts in 
excess of 45 A (Table 2). 


Success Rates and Mean 
Postsurgical Deviations 


Rates of success (0 to 8 A on masked 
examination 6 months after surgery) in 
each of the outcome groups are shown 
in Fig 2. Success rates were highest in 
the PAR/PS group (54 [89%] of 61 
patients) and lowest in the non-PA/ES 
group (92 [72%] of 127 patients). 
Among nonresponders the success rate 
was 73% (49 of 67 patients). The esti- 
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Table 5.—Days to Determination of Response, Days From Study Entry to Surgery, ; 
Target Angle, and Total Amounts of Surgery by Treatment Group * 


Treatment Groupt 


Non-PA/ES 
(n = 128) 


PANR/ES 
(n = 68) 


PAR/PS 
(n = 63) 


PAR/ES 
(n = 67) 
Days to determination of response 
Median 12.0 
15th, 85th percentiles 


Days from study entry to surgery 
Median 34.0 


15th, 85th percentiles 20,54 
Target angle, prism diopters} 24.3 + 7.2 34.1 + 10.5 26:5 + 7.2 
Total amount of surgery, mm# 8.1 + 1.4 10.2 + 2.6 8.4 + 1.5 
* Seven patients for whom surgery was not performed are excluded from this table. 


26.5 = 7.1 
8.3 + 1.4 





The percentage of patients who were 
orthotropic was highest (30 [49%] of 61 
patients) in the PAR/PS group and 
lowest (16 [24%] of 67 patients) in the 
PANR/ES group. 

The second primary question of the 
study, concerning the differences in 
success rates between prism adapta- 
tion responders who undergo prism- 
determined surgery and prism adapta- 
tion responders who undergo surgery 
for the original angle of deviation, is 
addressed by comparing the first two 
columns in Fig 2. Success rates were 
higher in the PAR/PS group than in 


the PAR/ES group (54 [89%] of 61 
patients vs 53 [79%] of 67 patients, 


+PAR/ES indicates prism adaptation (PA) responders who underwent surgery for the entry of esotropia; 
PAR/PS, PA responders who underwent surgery for the prism-determined angle of esotropia; PANR/ES, PA 
nonresponders who underwent surgery for the entry angle of esotropia; and non-PA/ES, non-PA patients who 


underwent surgery for the entry angle of esotropia. 
Values are mean + SD. 


% of Patients 


PAR/ES 
(n=67) 


PAR/PS 
(n=61) 


PANR/ES 
(n=67) 


Study Group 





Fig 2.—Open bars indicate percentages of patients with deviations of 0 to 8 A by study group, 
measured 6 months after surgery by the simultaneous prism and cover test at 6 m. The overall 
prism adaptation (PA) motor success rate was 83%. Shaded bars indicate percentages of 
patients with motor success plus fusion on the Worth four-dot test. PAR/ES indicates PA 
_ responders who underwent surgery for the entry angle of esotropia; PAR/PS, PA responders 
who underwent surgery for the prism-determined angle of esotropia; PANR/ES, PA nonre- 
sponders who underwent surgery for the entry angle of esotropia; and non-PA/ES, non-PA 
patients who underwent surgery for the entry angle of esotropia. 


mated overall rate of success for pa- 
tients who go through the prism adap- 
tation process, computed as a 
weighted average (see the “Patients 
and Methods” section) of the rates in 
the PAR/PS and PANR/ES groups, is 
83%. The test of significance for com- 
paring this rate with the rate in the 
non-PA/ES group (ie, the test of over- 
all effect) yields a statistically signifi- 
cant z statistic of 2.02 (P=.04). Of the 
eight PAR/PS patients in whom both 
recession and resection was done, the 
success rate was 88% (seven of eight 
patients). 


Of the seven nonresponders who 
built up to angles greater than 60 A 
during prism adaptation, five were 
found to have residual esotropias of 8 A 
or greater on the masked examination. 

A total of seven overcorrections (ex- 
otropic deviations >8 A) were seen, 
five in the non-PA/ES group (Fig 3). 
Rates of undercorrection (esotropic de- 
viations >8 A) ranged from 21% (14 of 
67 patients) to 25% (17 of 67 patients) 
in the groups undergoing surgery for 
their angle of deviation at entry, while 
only 10% (six of 61 patients) had un- 
dereorrection in the PAR/PS group. 


P=.23). Also shown in Fig 2 are rates 
of motor success plus fusion on the 
Worth four-dot test at 0.33 m. The 
highest rates of motor success plus 
fusion were seen in the PAR/PS group; 
the lowest rates were in the PANR/ES 
group, in which only 34% both were 
successfully aligned and demonstrated 
fusion. Rates of postoperative develop- 
ment of diplopia in the 278 patients 
who did not have preoperative diplopia 
were 8% (five of 59 patients) in the 
PAR/ES group, 10% (five of 51 pa- 
tients) in the PAR/PS group, 12% (sev- 
en of 59 patients) in the PANR/ES 
group, and 6% (six of 109 patients) in 
the non-PA/ES group. The rate in the 
non-PA/ES group is not significantly 
different from that in the other three 
groups (P>.10). 

Subclassification of prism adaptation 
responders into those who, during the 
prism adaptation process, built up 0 to 
9 A and those who built up 10 A or 
more is shown in Fig 4. Note (Table 2) 
that prism responders who built up 
10 A or more during prism adaptation 
and who were assigned to have prism- 
determined surgery had at least 2 mm 
more of surgery (total for both eyes) 
than if they had been assigned to have 
surgery for their angle of deviation at 
entry. Among the patients who built 
up 10 A or more (Fig 4), those who had 
prism-determined surgery had a sub- 
stantially higher rate of success (24 
[89%] of 27 patients) than those who 
had surgery for the angle of deviation 
at entry (21 [70%] of 30 patients, 
P=.15). 

Mean absolute postsurgical devi- 
ations as measured by the masked 
examiner are shown in Table 6. Mean 
absolute deviations were significantly 
smaller (P~.02 by the Wilcoxon Rank- 
Sum Test or t test) in the PAR/PS 
group than in the PAR/ES group, al- 
though the magnitude of the difference 
between the two group means „was 
small. The estimated overall effe 
prism adaptation on mean _absolute™. 
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(n=67) 
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Fig 3.—Percentages of patients in deviation categories by study group, measured 6 months 
after surgery by the simultaneous prism and cover test at 6 m. PAR/ES indicates PA responders 
who underwent surgery for the entry angle of esotropia; PAR/PS, PA responders who under- 
went surgery for the prism-determined angle of esotropia; PANR/ES, PA nonresponders who 
underwent surgery for the entry angle of esotropia; and non-PA/ES, non-PA patients who 
underwent surgery for the entry angle of esotropia. 
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Fig 4.—Open bars indicate percentages of prism responders with deviations of 0 to 8 A by prism 
buildup and study group, measured 6 months after surgery by the simultaneous prism and cover 
test at 6 m. Shaded bars indicate percentages of patients with motor success plus fusion on the 
Worth four-dot test. PAR/ES indicates PA responders who underwent surgery for the entry 
angle of esotropia; and PAR/PS, PA responders who underwent surgery for the prism-deter- 


mined angle of esotropia. 


modest but statistically significant 
(P<.01). 

It is natural to ask whether the 
superior results in the PAR/PS group 
were due simply to operating for (on 
the average) a larger target angle. 
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This question is addressed in Fig 5, in 
which deviations 6 months after sur- 
gery are plotted against the amount of 
buildup in the angle of deviation, that 
is, the difference between the amount 
of prism the patient was wearing at 


the time the response was given and 
the deviation as measured by the 
ACPT at entry into the study. Sepa- 
rate plots are shown for the PAR/ES 
and PAR/PS groups. The regression 
lines for postsurgical deviation vs an- 
gle buildup are also shown. The equa- 
tions of the regression lines are 


d=2.851 + (0.167 x b) 
for the PAR/ES group and 
d=2.330 + (0.027 x b) 


for the PAR/PS group, where d indi- 
cates the postsurgical deviation, and b, 
the angle buildup during prism 
adaptation. 

For the PAR/PS group, the slope 
(0.027) does not differ significantly 
from zero (P>.5). However, for the 
PAR/ES group, the slope (0.167) does 
differ significantly from zero 
(P=.024), and, in fact, the two slopes 
differ significantly from each other 
(P<.05). These results indicate that, 
among prism responders, if the target 
angle is chosen to be the angle of 
deviation at entry, the residual post- 
surgical deviation is an increasing 
function of the prism buildup. Con- 
versely, if surgery is based on the 
prism-determined angle, which takes 
the buildup into account, one may ex- 
pect to achieve superior postsurgical 
alignment. - 


COMMENT 


Data from previous nonrandomized 
studies suggested that preoperative 
prism adaptation might have a benefi- 
cial effect on postsurgical alignment 
and the likelihood of achieving sensory 
fusion.””* This controlled, random- 
ized clinical trial was undertaken to 
determine whether such beneficial ef- 
fects exist and to estimate their- 
magnitude. 

The study yielded an estimated 
overall success rate of 83% in prism- ` 
adapted patients vs 72% in non—prism- 
adapted patients (P=.044). These re- 
sults indicate that prisms better define 
the target angle of surgery. The ob- 
served benefits of prism adaptation 
were concentrated mainly in the pa- 
tients who built up to larger angles in 
the prism adaptation process and who 
underwent surgery for their adapted 
angles. 

Our results indicate that, in prism 
adaptation responders, performing 
surgery for the increased angle of devi- 
ation results in a lower rate of under- 
correction without a corresponding in- 
crease in the rate of overcorrection _ 
(Fig 3). Our data suggest that, in at 
least a subset of prism responders, the 
prism adaptation process is effective in 
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esotropia, appear to differ in some 
essential way from responders. Be- 
cause of their apparently lower poten- 
tial for fusion, nonresponders may well 
be a subgroup with an inherently poor- 
er prognosis for long-term stability of 
their postoperative alignment. 

There was considerable variation in 
the amount of buildup in the angle of 
esotropia among prism responders. 
Approximately 55% (37 of 67 patients) 
experienced either no buildup or a 
buildup of 9 A or less. Amounts of 
prism-adapted surgery for such pa- 
tients differ little from surgery for the 
original angle of deviation. Thus, for 


SPCT Results at 6 m, Prism Diopterst 
NE OE EEO OO —N 
Mean Absolute 

Deviation 


No. of 


Patients 





*PAR/ES indicates prism adaptation (PA) responders who underwent surgery for the entry angle of esotro- 
pia; PAR/PS, PA responders who underwent surgery for the prism-determined angle of esotropia; PANR/ES, 
PA nonresponders who underwent surgery for the entry angle of esotropia; and non-PA/ES, non-PA patients 
who underwent surgery for the entry angle of esotropia. 

+SPCT indicates simultaneous prism and cover test. 
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+P < .05 for the PAR/ES group vs the PAR/PS group. 
§These values were weighted by the observed prism response rates. 
||P < .05 for the PAR/ES group vs the PAR/PS group. 
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Fig 5.—Deviations 6 months after surgery by preoperative prism buildup and study group, 
measured by the simultaneous prism and cover test at 6 m. PAR/ES indicates PA responders 
who underwent surgery for the entry angle of esotropia; PAR/PS, PA responders who under- 
went surgery for the prism-determined angle of esotropia. 


detecting a “latent angle” of esotropia 
that may not be evident in the initial 
measurement and that may be appre- 
ciably larger than the initially mea- 
sured angle. Surgery that does not 
take into account this hypothesized 
‘latent angle appears to result fre- 
quently in undercorrection. In the 
group that underwent the prism- 
adapted amount of surgery (the 
PAR/PS group), only six (10%) of 61 
patients had substantial undercorrec- 
tion, while in the group of prism adap- 
tation responders who underwent sur- 
gery for their entry angle of deviation 
(the PAR/ES group), 14 (21%) of 67 
patients had substantial undercorrec- 
tion. Similarly, 30 (24%) of 127 non- 
prism-adapted patients had residual 
postsurgical esotropic deviations 
greater than 8 A. 

It is not clear that systematically 
increasing the amount of surgery for 
all patients would produce alignment 
results comparable with those ob- 
tained in this study with prism adapta- 
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tion. There were five substantial over- 
corrections in the 127 patients who did 
not undergo prism adaptation and only 
one overcorrection among the 6l 
prism-adapted patients who under- 
went surgery for the prism-adapted 
angle. Our data suggest that the prism 
adaptation process identifies a group of 
patients who can safely undergo a larg- 
er amount of surgery without increas- 
ing the risk of overcorrection. 

It is interesting to note that the 
postsurgical alignment among prism 
nonresponders was not much worse on 
average than that of prism responders 
who had surgery for their angle of 
deviation at entry. However, nonre- 
sponders’ chances of experiencing sat- 
isfactory alignment and fusion appear 
to be low (Fig 2). The highest rates of 
satisfactory alignment and fusion oc- 
curred in the prism responders who 
underwent surgery for their prism- 
adapted angle of deviation. Nonre- 
sponders, constituting about one third 
of the patients in this study of acquired 


prism responders, it is not surprising 
that there is a very small difference in 
the rate of successful alignment be- 
tween those undergoing prism-adapted 
surgery and those undergoing surgery 
for their entry angle of deviation. 

On the other hand, in the subset of 
patients who built up 10 A or more 
during prism adaptation, the patients 
randomized to prism-adapted surgery 
had substantially greater amounts of 
surgery than those randomized to un- 
dergo surgery for their angle of devi- 
ation at entry (mean difference, 
4.1 mm). Figure 4 indicates a substan- 
tially higher rate of successful align- 
ment (24 [89%] of 27 patients vs 21 
[70%] of 30 patients) for those under- 
going prism-adapted surgery (P=.15). 

The prism adaptation mechanism is 
not well understood, and this study 
was not designed to investigate how 
the process works. Possible explana- 
tions of our findings include the follow- 
ing: (1) Prism adaptation may uncover 
a latent amount of esotropic deviation 
that substantially exceeds that found 
in the initial measurement. (2) Prism 
adaptation allows an accurate determi- 
nation of the patient’s true fusion po- 
tential. (3) Prism adaptation permits 
the patient to experience a period of 
sensory fusion prior to surgery, which 
may help hold the alignment of the 
eyes after surgery (the so-called orth- 
optic effect). 

Our data are consistent with but do 
not prove these three possible mecha- 
nisms. The fact that the success rate in 
prism responders who underwent sur- 
gery for their entry angle of deviation 
was higher than that for the non- 
prism-adapted patients (53 [79%] of 67 
patients vs 92 [72%] of 127 patients) 
lends very mild support to the orthop- 
tic effect hypothesis. 

It is also possible that the prism- 
adapted patients who built up to signif- 
icantly larger angles tended to do bet- 
ter with augmented surgery than with 
surgery for the angle at entry simply 
because, at the time of surgery, they 
had a larger angle of strabismus. How- 
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ever, 
in both the PA/ES and the PANR/ES 
groups did slightly better on average 
than the non-PA/ES patients. 

Subsequent reports will deal with 
the effects of prognostic factors on 
motor and sensory outcomes. For ex- 
ample, it was noted previously that a 
higher proportion of the PAR/ES pa- 
tients had equality of vision than did 
the PAR/PS patients. Equality of vi- 
sion was not a strong predictor of 
successful outcome; across the whole 
study, patients with equal vision had a 
success rate of 79%, while those with a 
difference of one line or greater in 
visual acuity between the two eyes had 
a success rate of 74%. Thus, this vari- 
able does not appear to explain the 
observed difference in success rates 
between the PAR/PS and PAR/ES 
groups. Similarly, the fact that the 
PAR/PS group had a higher proportion 
of patients with large deviations does 
not appear to explain the higher suc- 
cess rate in this group. In the whole 
study cohort, the proportion of suc- 
cesses was lower in the patients with 
larger initial deviations. 


RECOMMENDATIONS 
Our results indicate a beneficial 


overall effect of the prism adaptation 
process for patients with acquired eso- 
tropia who met the eligibility criteria. 
(Only about 10% of the patients with 
esotropia considered for this study met 
our rather stringent eligibility require- 
ments.) Not all eligible patients will 
benefit, and our study indicates that 
those in whom the process makes a 
substantial difference in postoperative 
outcome cannot be identified with cer- 
tainty in advance. The process re- 
quires some additional time and ex- 
pense prior to surgery. On the other 
hand, prism adaptation responders can 
be expected to have lower rates of 
reoperation, with significant savings in 
expense, trauma, and risk. Additional 
studies may be required to determine 
to what extent our findings can be 
generalized to other patient sub- 
groups. However, it is our opinion 
that, at least in the selected subgroup 
of patients who meet the eligibility 
criteria for this trial, the potential 
reduction in reoperation rates and 
morbidity considerably outweighs the 
additional costs and time required for 
the prism adaptation process. We 
therefore recommend that prism adap- 
tation be considered for patients with 
acquired esotropia to determine the 
appropriate target angle for surgery. 


This study was supported by grant 5-U01-EY- 
05303-07 from the National Eye Institute, Nation- 
al Institutes of Health. 
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should be noted that patients 





Fresnel. Press-On - prisms are available from 

Signet Armorlite Ine, San Marcos, Calif. The 

participating investigators have no proprietary 

interests in this product. 

The Prism Adaptation Study 
Research Group 


Members of the Prism Adaptation Study Research 
Group are as follows: 
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vestigator: J. Allen Gammon, MD: Clinie Coordi- 
nator; Mary Gemmill, CO; Coinvestigater; S. 
Fleetwood Maddox, MD. 

Johns Hopkins University, Baltimore, Md.— 
Principal Investigator: David L. Guyton, MD: 
Ciinical Coordinator: Donna Loupe, CO; Coin- 
vestigators: Michael X. Repka, MD; Stewart M. 
Wolff, MD; Stuart Danker, MD. 

University of Hlinois, Chicago. — Principal In- 
vestigator: Marilyn Miller, MD; Clinic Coordina- 
tors: Linda Kuniseh-Verslype, CO; Ella N. Kelly: 
Coinvestigators: Laurence 1L Chapman, MD; Eu- 
gene R. Folk, MD. 

Pediatrie Ophthalmology Professional Asso- 
ciates, Irving, Tex.— Principal Investigator: 
David R. Stager, MD; Coprincipal Investiga- 
tors: Priscilla M. Berry, MD; Everett A. Moody, 
MD: Clinic Coordinators: Mary Everett, CO; 
Dawn Lunder, CO. 

Children’s Hospital of Michigan, Detroit.— 
Principal Investigator: John D. Baker, MD: 
Chyie Coordinators: Mary DeYoung Smith, CO; 
Amy Fix, CO; Bonnie Kay, CO; Maria Polieh, 
CO; Coinvestigator: Edward R. O'Malley, MD. 

University of lowa, lowa City. — Principal nres- 
tigator and Study Director: William E. Seott, 
MD; Clinic Coordinators: Jill Thalacker Clark, 
CO; Carol Flabetich Dickey, CO; Sue Stewart, 
CO; Coivestigators: G. Frank Judisch, MD: 
tonald V. Keech, MD. 

UCLA. — Principal Investigator: Arthur L. Ro- 
senbaum, MD; Coprincipal Investigator: David 
G. Kirschen, PhD; Coinvestigators: J. Bronwyn 
Bateman, MD; Andrew Choy, MD; Richard El- 
liott, MD: Sherwin Isenberg, MD. 

University of Wisconsin, Madison. — Principal 
Investigator: Thomas France, MD: Clinic Coor- 
dinator: Jacque Frank, CO; Coinvestigator: Bur- 
ton Kushner, MD. 

University of Miami (Fla). — Principal Investiga- 
tor: John Flynn, MD; Clinic Coordinator: Cindy 
Pritchard, CO; Coinvestigator: Robert W., Lin- 
gua, MD. 

Newington (Conn) Children’s Hospital. — Princi- 
pal Investigator: Maynard Wheeler, MD; Clinic 
Coordinator: Vietoria Bernstein, CO: Coin vesti- 
gators: Peter G. Walden, MD. 

Wills Eye Hospital, Philadelphia, Pa. — Princi- 
pal Investigator: Reed. Kinderman, MD; Clince 
Coordinators: Jeylan Mansoury, MD: Nubia 
Cantilli, CO: Coinvestigaters: Joseph H. Cal- 
noun, MD; Leonard B. Nelson, MD; Robert 
Reinecke, MD; Harold Koller, MD; Donelson R. 
Manley, MD. 

University of Rochester (NY). — Principal Inves- 
iigator: Henry S. Metz, MD; Clinic Coordinator: 
Dorothy Hartman, CO: Ceinvestigater: Steven 
S. Searl, MD. 

University of Texas Health Sciences Center at 
San Antonio. — Principal Investigator: John V. 
Mumma, MD; Clinie Coordinator; Joann Her- 
rington, CO; Coinvestigatar: Patrick S. O'Con- 
nor, MD. 

Children’s Hospital National Medical Center, 
Washington, DC. — Principal Investigator: Da- 
vid S. Friendly, MD; Clinic Coordinator: Jo Ann 
Walker, CO; Robin Goodfriend, CO; Bandi Gou- 
terman, CO, Cotnvestigators: Marshall M. 
Parks, MD; Edward S. Parelhoff, MD: Thomas 
Frey, MD; John O'Neill, MD; James Sprague. 
MD. 

Data Coordinating Center 

University of Minnesota, Minneapolis. — Princi- 
pal Investigator: John E. Connett, PhD: Data 














_ Coordinator: Deborah Wentworth, MPH; Staff: 
Anne Knickerbocker; Mary Rapacz; Kathy 
Farnell, 

Data and Safety Monitoring Board 
Chair: Mae Gordon, PhD; National Eye Institute 
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Excessive Loss of Hyperopia 





James E. Egbert, MD, Burton J. Kushner, MD 


ae > We present the cases of four pa- 
“Verte in whom juvenile aphakic glauco- 
‘ma developed. An excessive loss of hy- 
peropia was the initial clinical sign that 
alerted us to the diagnosis of glaucoma. 
At the time of diagnosis, the mean refrac- 
tive error of the six glaucomatous eyes in 
the four patients was + 4.75 diopters (D) 
(range, —0.25 to +6.75 D). The mean 
change in refraction from time of cataract 
extraction to diagnosis of juvenile apha- 
“kie glaucoma was 17.00 D (range, 9.25 to 
- 21.00 D). All aphakic patients in the pri- 
` vate practice of one of us (B.J.K.) with a 
-spherical equivalent of less than +8.00 D 
ither eye have glaucoma. The only 
exception are those patients with a coex- 
“isting condition predisposing them to 
myopia. We have found an excessive 
loss of hyperopia to be a useful sign in 
alerting the ophthalmologist to the diag- 
nosis of juvenile aphakic glaucoma. 
{Arch Ophthalmol.  1990;108:1257- 
1259) 



















_' he diagnosis in one’s child of infan- 
~~“ tile or juvenile cataracts that re- 
= quire surgical intervention can be the 
use of extreme stress to parents and 
-their developing parent-child rela- 
tionship. The subsequent diagnosis of 
-advanced juvenile aphakic glaucoma 
after years of amblyopia therapy and 
contact lens management can be dev- 
astating to the ophthalmologist, the 
patient, and the family. The early diag- 
nosis of this known complication of 
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A Presenting Sign of Juvenile Aphakic Glaucoma 


congenital cataract surgery can be dif- 
ficult to obtain for a number of rea- 
sons. A meticulous examination of the 
optic nerve head can be difficult in 
pediatric aphakie patients because of 
nystagmus, pupillary rigidity prevent- 
ing adequate dilation, and poor cooper- 
ation. Intraocular pressure measure- 
ments can likewise be difficult in 
uncooperative children without placing 
them under general anesthesia. We 
present the cases of four patients in 
whom the presenting sign of juvenile 
aphakic glaucoma was an excessive 
loss of hyperopia. 


PATIENTS, MATERIAL, AND METHODS 


The medical records of all patients who 
underwent cataract extraction or with a 
diagnosis of aphakia from the clinical prac- 
tice of one of us (B.J.K.) were reviewed. 
The surgical technique for cataract extrac- 
tion was a lensectomy, posterior capsulec- 
tomy, and anterior vitrectomy performed 
with an aspirating needle and an automated 
vitrectomy instrument introduced through 
the corneoscleral limbus. Three of the four 
patients had their cataract extractions per- 
formed by one of us (B.J.K.). The remain- 
ing patient was seen in consultation after 
cataract extraction had been performed 
elsewhere. Intraocular pressures were 
measured with a tonometer (Pneuma-To- 
nometer 30R, Digilab Ine, Cambridge, 
Mass) except where otherwise noted. Axial 
lengths were measured by an A scan ultra- 
sound (Ultrasean Digital A2, CooperVision, 
Redding, Calif). Keratometric measure- 
ments were performed with a keratometer, 
and refractions were performed by one of 
us (B.J.K.) using retinoscopy. Examina- 
tions in the operating room were done 
under ketamine hydrochloride anesthesia 
except where otherwise noted. Visual acu- 
ities were recorded using Snellen letters. 


REPORT OF CASES 


Case 1.—A white male infant was first 
examined by one of us (B.J.K.) in the 
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neonatal intensive care unit because of birth _ 
asphyxia requiring ventilation. The exami- = 
nation revealed no ocular abnormalities. At -> 
6 months of age, the patient was referred to —. 
one of us (B.J.K.) because of a recent onset . 
of decreased vision. Examination revealed - 
bilateral mature cataracts. The patient un- 
derwent cataract extraction in the right eye 
at 32 weeks of age and in the left eye at 34 
weeks of age. The postoperative refractive 
error was + 14.5 diopters (D) in each eye. - 
During the next 16 months, the patient 
showed a marked bilateral loss of hyper- 
opia. At 3 years 4 months of age, his 
refractive error was +8.5 D OU. The pa- 
tient then moved to another state. During 
the next 4 years, the patient was under the 
care of a nonmedical eye care practitioner. 
At the age of 7 years 6 months, the patient 
returned to our care. His refractive error. — 
was +7.25 +0.75 X 90 OD and +3.25 
+0.25 X 100 OS. The patient's intraocular 
pressures were 18 mm Hg OD and 34 mm 
Hg OS. Medical therapy for glaucoma was 
started in the left eye. During the next 40. 
months, the patient’s intraocular pressures 
were controlled by medical therapy. At 11. 
years 4 months of age, he underwent a _ 
goniotomy of the left eye for uncontrollable 
intraocular pressures despite maximal med- 
ical therapy. Gonioscopy revealed normal 
angle structures and configuration for apha- - 
kia. His refractive error was +6.25 OD and 
+2.75 OS. At the patient's most recent. 
examination, at 11 years 5 months of age, 
the visual acuity was 20/40 OD and 20/200 - 
OS. His refractive error was +6.00 OD and 
+2.75 OS. The intraocular pressures were ` 
19 mm Hg OD and 22 mm Hg OS, and the — 
optic nerve head cup-dise ratios were 0.2 - 
OD and 0.4 OS. The corneal diameters were 
10.5 mm in each eye and keratometric read- 
ings were 44,87/45.12 axis 23 OD and 
45,.5/45.87 axis 114 OS. Axial lengths were 
25.97 mm OD and 28.39 mm OS. He is 
currently receiving medical therapy for 
glaucoma in his left eye. | 





























CAsE 2.—A white female infant first pre- 
sented to an ophthalmologist at 3 months of — 
age with pendular nystagmus. ‘She-was 
found to have bilateral congenttal Antarants 7 








<- that had an autosomal dominant hereditary 
pattern. The patient underwent cataract 
> extractions in the left eye at 13 weeks of 
- age and in the right eye at 17 weeks of age. 

Her refractive error at 19 weeks of age was 
+16.00 OD and + 17.00 OS. At 14 months 
of age her refractive error was + 7.50 OD 
and + 11.5 OS. Six months later, she under- 
went bilateral medial rectus recessions with 
posterior fixation sutures for a 30-prism 
diopter (PD) right esotropia. Examination 
under anesthesia at the time of strabismus 
surgery revealed optic nerve head pallor in 
each eye. Review of the medical records did 
not show any notation of her intraocular 
pressures, 

One year later, at 32 months of age, the 


_ patients refractive error was +4.0 OD and 


+7.5 OS. This further change in her refrac- 
tive error prompted an examination under 
anesthesia. Under halothane anesthesia, 
the intraocular pressures by applanation 
tonometry were 19 mm Hg OD and 18 mm 
Hg OS. The optic nerve head cup-dise ratios 
were 0.0 in each eye. Her corneal diameters 
_ measured 10.0 mm in each eye and gonios- 
- copy revealed normal angle structures and 

configuration for aphakia. During the next 5 
years her refractive error continued to 
show a marked change in each eye. At 8 
years of age her refractive error was — 0.75 
+1.00 X 90 OD and +4.25 OS. Her intra- 
-ocular pressures were 30 mm Hg OD and 
22 mm Hg OS. The patients family sought a 
second opinion from one of us (B.J.K.) that 
resulted in the initiation of medical therapy 
for glaucoma in the right eye. 

At the patients most recent examination, 
at 8 years 10 months of age, her visual 
acuity was 20/400 OD and 20/50 OS and her 
refractive error was —1.5 +1.75 X 90 OD 
and +3.5 OS. Her intraocular pressures 
were 20 mm Hg OD and 18 mm Hg OS and 
her optic nerve head eup-dise ratios were 
0.7 in each eye. The corneal diameters were 
10.5 mm in each eye and keratometric read- 
ings were 48.00/50.00 axis 88 OD and 
49.37/50.50 axis 83 OS. Her axial lengths 
were 26.34 mm OD and 24.84 mm OS. She 
is currently receiving medical therapy for 
glaucoma in her right eye. 


Case 3.—A Hispanic female infant was 
referred to one of us (B.J.K.) at 4 weeks of 
age. Her examination revealed optically 
significant congenital cataracts that had an 
. autosomal dominant hereditary pattern. 
- She also had bilateral, purulent, lacrimal 
sac discharges secondary to blocked nasola- 
erimal ducts. After successful bilateral na- 
solacrimal probing, the patient underwent 
cataract extraction in the right eve at 5 
weeks and in the left eye at 6 weeks of age. 
Her refractive error at 7 weeks of age was 
< +23.75 +0.25 X 70 OD and +24.25 +0.50 
— X33 08. 

-- During the next 29 months the patient 


showed a marked loss of hyperopia in each | 


_ eye. At 2 years 7 months of age, her 


refractive error was +10.5 +1.25 X 90 OD 


and + 12,00 + 1.00 X 90 OS. Her refractive 
~ error at 6 years of age was +7.5 +1.5 X 90 
OD and +8.0 + 1.75 X 90 OS, and intraocu- 
lar pressures were 23 mm Hg in each eye. 
Her refractive error at 9 years of age was 


+5.59 +15 X 90 OD and +6.00 +1.75 X 85 
OS, and her intraocular pressures were 30 
rim Hg in each eye. Medical therapy for 
bilateral glaucoma was started. One month 
later, at her most recent examination, her 
visual acuity was 20/200 OD and 20/200 OS. 
A pendular horizontal nystagmus was pre- 
sent. Intraocular pressures were 23 mm Hg 
GD and 22 mm Hg OS, and her optic nerve 
head cup-disc ratios were 0.6 in each eye. 
Corneal diameters were 11.5 mm in each 
eye and keratometric readings were 
43.75/45.75 axis 90 OD and 48.75/45.75 axis 
99 OS. Axial lengths were 26.3 mm OD and 
26.08 mm OS, She is currently receiving 
medical therapy for glaucema in each eye. 


CASE 4.—A white male infant was born 
with bilateral hyphemas and a vitreous 
hemorrhage in the right eye after a pro- 
longed labor and delivery. His birth weight 
was 1750 g. Shortly after birth he was 
intubated for respiratory support. Comput- 
ed tomography of the head revealed multi- 
ple brain-stem hemorrhages. His neonatal 
course was complicated by seizures. The 
hyphemas resolved within days but the 
vitreous hemorrhage was still obscuring 
visualization of the right macula at 2 
months of age. At 6 months of age, the 
patient was noted to have a right esotropia 
and was referred to one of us (B.J.K.) 
Examination revealed a fixation preference 
for the left eye and a 75-PD right esotropia. 
He had peripheral zonular cataracts, a clear 
vitreous, and a normal fundus. Full-time 
patching of the left eye was initiated. 

At 10 months of age, his cataracts be- 
came optically significant and he underwent 
cataract extractions of the right eve at 10 
months and of the left eye at 11 months of 
age. His postoperative refractive error was 
+27.5 OD and +26.25 OS. At 2 years 5 
months of age, he underwent bilateral me- 
dial rectus recessions and a right lateral 
rectus resection for a 50-PD right esotropia. 
At 3 years 9 months of age, his refractive 
error was + 15.75 OD and + 15.25 OS. At 6 
years 2 months of age, his refraction was 
+12.75 OD and +12.00 OS. A 6-D loss of 
hyperopia during the next 20 months 
caused his refractive error at 7 years 10 
months of age to be +6.5 OD and +6.25 
OS. His intraocular pressures were 40 mm 
Hg in each eye and medical therapy for 
glaucoma was started. Thirteen months lat- 
er, at 9 years of age, the patient underwent 
a goniotomy in the right eve for uncontroi- 
labie intraocular pressures despite maximal 
tolerated medical therapy. Gonioscopy re- 
vealed normal angle structures and configu- 
ration for aphakia. The patient’s most re- 
cent examination at 10 years 2 months of 
age revealed a visual acuity of 20/200 OD 


ABD, 20/50 OS, and a refractive error of | 


+6.5 +0.5 X 90 OD and +5.5 +2.00 X 99 
OS. Intraocular pressures were 25 mm Hg 
OD and 20 mm Hg OS, and the optic nerve 
head cup-dise ratios were 6.5 OD and 0.3 
OS. The corneal diameters were 10 mm OD 
and 10.5 mm OS and the keratometric read- 
ings were 45.50/48.00 axis 75 OD and 
45.25/48.25 axis 90 OS. Axial lengths were 
24.90 mm OD and 23.89 mm OS. He is 
currently receiving medical therapy for 
glaucoma in each eye. 


1258 Arch Ophthalmo!—Vol 108, September 1990 











COMMENT 





Juvenile aphakic glaucoma is a rec- 
ognized complication of pediatric cata- 
ract surgery. Its incidence has been 
reported to be from 5% to 14%."” Early 
diagnosis is difficult for a number of 
reasons. The ability to obtain intraocu- 


lar pressure measurements, visual 
field assessment, and careful biomi- 
croscopic examination of the optic 
nerve head is often not possible in 
these young patients. Furthermore, 
signs of congenital glaucoma such as 
epiphora, blepharospasm, photopho- 
bia, increasing corneal diameter, 
Haab’s stria, and corneal clouding are 
not seen with juvenile glaucoma." Usu- 
ally, patients with juvenile glaucoma 
are without symptoms despite in- 
creased intraocular pressures. Our se- 
ries of patients suggests that a marked 
change in refractive error is an indica- 
tor of juvenile aphakic glaucoma. This 
is an especially important sign in pa- 
tients who are unable to cooperate 
with intraocular pressure, visual field 
or meticulous optie nerve head exa- 
minations. : 

A number of reports have found an 
association between juvenile glaucoma 
and myopia." The type of myopia is 
difficult to ascertain from these re- 
ports since corneal curvatures, lenticu- « 
lar status, and axial lengths were not 
previded. Circumstantial evidence im- 
plying that juvenile glaucoma causes 
myopia is provided in case reports by 
Patel and Cooper." They described 
three phakic patients with progressive 
myopia who were diagnosed as having 
juvenile glaucoma at 20, 22, and 29 
years of age. With control of their 
intraocular pressure, each patients 
progressive myopia ceased. While the 
follow-up in one patient was only a 
single year, the remaining two pa- 
tients had follow-up periods of 4 and 8 
years, 

All of our patients whose cases were 
reported had a marked loss of hyper- 
opia after cataract surgery. The mean 
spherical equivalent of the six glauco- 
matous eyes at the time of diagnosis 
was +4.75 D (range, —0.25 to +6.75 
D). The mean change in refractive 
error since cataract extraction was 17 
D (range, 9.25 to 21.00 D). Four of six 
glaucomatous eyes had axial lengths 
greater than 2 SDs from normal as 
determined by Gordon and Donzis.” 
The remaining two eyes were greater 
than 1 SD and greater than the mean 
for age-matched controls. Patients 1 
and 2 with unilateral elevated intrao- 
cular pressures were found to have 
corresponding asymmetric axial 
lengths. Half of the glaucomatous eyes 
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had ‘peracetic readings greater 
1an 2 SDs of normal and the remain- 
E three eyes were within the normal 
st ibution.” To further assess the 
y of a marked change of refractive 

~as a sign of juvenile aphakic 
glaucoma, we reviewed all aphakic pa- 
t ser in the o of one of us 
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ae Bice hor aa 
h a coexisting condition associated 
h myopia, including Marfan syn- 
e, retinopathy of prematurity, or 
rospherophakia with axial myopia 
o lensectomy. 
ent 2 deserves further comment 
initially she was found to have 
ormal pressures during her first ex- 
amination under anesthesia. Her initial 
examination was performed under hal- 
othane anesthesia which has been 
1own to markedly reduce the intrao- 
ar pressure. It has also been our 
ervation that intraocular pressure 
can be profoundly lowered within a 
minute of halothane anesthesia in juve- 
viles with glaucoma. Patients 1 and 2 
shown unilateral glaucoma de- 
bilateral marked changes in their 
active error. Their changes in re- 
© error and axial lengths are 
markedly abnormal in their glau- 
ous eye. Transient glaucoma 
‘postoperative inflammation or 
burned-out juvenile aphakic glaucoma 
‘are possible explanations for their cur- 
= rent normal pressures. Transient glau- 
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coma may also explain why patient 2 
has bilaterally enlarged cup-disc ratios 
despite documented increased intrao- 
cular pressure in only one eye. 

We have chosen the gonlotomy pro- 
cedure as our initial surgery for pa- 
tients with juvenile glaucoma with 
normal angle anatomy for several rea- 
sons. We have found it to effectively 
lower the intraocular pressure in about 
50% of our patients. These results are 
similar to those of David Walton, MD 
(written communication, February 24, 
1987). In our juvenile patients we are 
also very concerned with the short- 
and long-term complications associated 
with the trabeculectomy procedure. 
We also prefer the goniotomy as an 
initial procedure over cyclodestructive 
operations that have a risk of inducing 
phthisis. 

These case reports do not allow us to 
identify whether glaucoma or myopia 
was the primary process. Supporting 
glaucoma as the primary process is the 
lack of any family history of pathologic 
myopia in our patients. The family 
history of our patients was also re- 
markable for the lack of glaucoma. The 
follow-up periods of our four patients 
are insufficient to reveal whether suc- 
cessful lowering of the intraocular 
pressure will lead to a stabilization of 
their refractive error. 

While we are uncertain whether 
glaucoma or myopia was the primary 
process in our patients, we have never- 
theless found the development of an 
excessive loss of hyperopia in our pedi- 
atric aphakic patients to be a useful 
sign for juvenile aphakie glaucoma. We 
routinely perform intraocular pressure 
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mehun. in a our cooperative 
pediatric aphakic patients. Aphakic pa- 
tients exhibiting a marked loss of hy- 
peropia are considered glaucoma BUSH 
pects. Measures to ensure- adequate . 
evaluation, including examinations ún- 
der anesthesia, are promptly and if 
necessary, repeatedly performed. 
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..  @ B-Adrenergic antagonists taken oral- 
3 y adversely alter plasma lipid profiles. 
-This study was designed to determine 
: whether 0.5% topical timolol maleate has 
¿a similar effect. Forty volunteers who 
-were not using medications known to 
alter plasma lipid levels were recruited 
for an unmasked study in which each 
„Subject served as his or her own control. 
-Twelve subjects did not complete the 
= study because of ocular and systemic 
` side effects or extraneous factors. Twen- 
__ty-eight subjects used topical timolol for 
-< an average of 76 days, with two 12-hour 
fasting plasma specimens obtained at 
-othe beginning and end of the period. 
_ Mean total cholesterol and low-density 
- lipoprotein cholesterol levels did not 
change significantly with treatment. Tri- 
- glyceride values increased 12%; high- 
density lipoprotein cholesterol levels de- 
_ creased 9%; and the total cholesterol- 
high-density lipoprotein cholesterol ratio 
increased 8%. Higher baseline high-den- 
sity lipoprotein cholesterol levels were 
associated with larger reductions in 
high-density lipoprotein cholesterol! lev- 
els. Changes in high-density lipoprotein 
cholesterol levels of this magnitude have 
been estimated to increase the risk of 
coronary artery disease by 21%. 

(Arch Ophthalmol. 1990;108:1260- 
1263) 


Fy evated plasma total cholesterol 
| (TC) levels, hypertension, and cig- 
` arette smoking are independent risk 
=- factors for the development of coro- 
© nary heart disease (CHD), 7 as are 
elevated low-density lipoprotein 
(LDL) cholesterol levels and reduced 
<- plasma concentrations of high-density 
-lipoprotein (HDL) cholesterol. The 
predictive value of HDL cholesterol 
- for CHD is present regardless of age, 
- sex, and TC levels.°’* An elevated 
< TC-HDL cholesterol ratio (TC/HDL) 
| has also been associated with increased 
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Topical * imolol Decreases Plasma High- -Density 
-Lipoprotein Cholesterol Level 


-Anne L. Coleman, MD; D. L. Chris Diehl, MD; Henry D. Jampel, MD: 
- Paul S. Bachorik, PhD; Harry A. Quigley, MD 


risk of mortality from CHD," while 
elevated triglyceride (TG) levels are a 
secondary risk factor.” 

The failure of diuretics and B-adren- 
ergic receptor antagonists to reduce 
the incidence of CHD in hypertensive 
patients may result from their adverse 
effects on lipid profiles." Selective 
and nonselective oral B-adrenergic an- 
tagonists, such as timolol maleate, pro- 
pranolol, metoprolol, and atenolol, 
have been reported to elevate TG and 
TC/HDL levels and to reduce HDL 
cholesterol levels in both clinically and 
statistically significant amounts.’ 
Total cholesterol and LDL cholesterol 
values are either unaffected or mini- 
mally elevated by oral ®-adrenergic 
antagonists.”""" B-Adrenergic antago- 
nists with intrinsic sympathomimetic 
activity (pindolol)’** or those with 
combined o- and B-adrenergic antago- 
nist activity (abetalol)” apparently do 
not manifest adverse effects on TG 
levels, HDL cholesterol levels, or 
TC/HDL levels. Oral B-adrenergic an- 
tagonists can affect the lipid profile 
aiter 3 days of therapy. “ This effect 
may be cumulative, since Day and 
coworkers" found that mean HDL cho- 
lesterol levels continued to decrease 
for at least 1 year in subjects receiving 
oral B-adrenergic antagonist therapy. 

Topical timolol is used as both a 
primary and adjunctive agent in the 
treatment of elevated intraocular pres- 
sure (OP). Its systemic side ef- 
fects" are similar to the pharmaco- 
logical effects of oral B-adrenergic an- 
tagonists. Enough drug is absorbed 
through the nasal mucosa to cause 
systemic B-adrenergic blockade in nor- 
mal volunteers.” However, to our 
knowledge, no studies have examined 
whether topical B-adrenergic antago- 
nists alter plasma lipid levels. We as- 
sessed the effect of 0.5% topical timolol 
on plasma lipid levels in normolipemic 
volunteers, Each subject served as his 
or her own control. 


SUBJECTS AND METHODS 


We recruited 40 volunteers between the 
ages of 21 and 60 years from our patient 
population and the hospital staff. Among 
the volunteers, six (15%) were glaucoma 
suspects and were using topical B-adrener- 
gic antagonist therapy only or no anti- 
glaucoma medications and 34 (85%) had no 
history of ocular disease or surgery. The 
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subjects had not used oral or topical 
B-adrenergic antagonist medications for at 
least 1 month before the start of the study. 
No subject had a history of asthma, cardio- 
vascular disease, diabetes, pregnancy in the 
past 6 months, or body weight change of 5% 
or more in the past 2 months. In addition, 

no subject had a body mass index or Quete- 
let index (body mass index divided by 10) in 
the 5th percentile or higher for age and 
sex” or concurrently used any of the follow- 

ing medications that may alter plasma lipid 
levels: diuretics, antihypertensives, oral 
contraceptives, steroids, hypocholesterole- 
mic agents, or B- adrenergic antagonists. 

The Johns Hopkins Joint Committee on 
Clinical Investigation approved the study, 

and all -volunteers gave informed consent. 

All volunteers underwent a medical and 
ocular history, an ophthalmic examination 
that included measurement of IOP with a 
calibrated Goldmann tonometer and assess- 
ment of optic discs, measurement of body 
weight, and urine pregnancy test (if appro- 
priate). Subjects were instructed not to 
change their diet during the study. Two 12- 
hour fasting venous blood samples were _ 
drawn 1 week apart. After the second blood ` 
sample, subjects instilled 0.5% topical timo- 
lol in both eyes twice a day for at least 2 
months. They were instructed not to per- 
form nasolacrimal occlusion. Duri ing the last 
week of timolol therapy, two additional 12- 
hour fasting blood samples were drawn, at 
least 5 days apart, while eye-drop therapy 
continued. At that time, they had another 
ophthalmic examination and again had their 
body weight measured. 

To determine body mass index (weight in 
kilograms/height in square meters), volun- 
teers had body weight measured on an 
upright seale at baseline and during the last 
week of therapy. They wore light clothing 
and were weighed without shoes. Each 
subject was asked his or her height. 


Measurement of Plasma 
Lipid Concentrations 


The venous blood samples were used to 
determine the lipid profile of the subjects. 
Subjects fasted for 12 hours and did not 
drink alcohol for 24 hours before the blood — 
samples were drawn. In the Johns Hopkins 
Lipid Research Clinic Laboratory, blood 
samples were centrifuged for 80- minutes, 
plasma was separated, and. the HDL-con- 
taining fraction was: prepared immediately. 
The plasma and HDL-containing fraction 
were stored in scintillation vials at 4.0°C for 
a maximum of 48 hours. The plasma separa- 
tion was performed within 6 hours or less of 
venipuncture, 

Total cholesterol and TG levels were ana- 
lyzed by enzymatic methods. The HDL- 
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Table 1.—Reasons for Patient 
Withdrawal of Initial 40 Volunteers 


Side Effects No. 


Ocular 

Contact lens intolerance 
Systemic 

Dizziness 

Shortness of breath 


Fatigue 

Started taking contraindicated 
medications 

Moved 

Total 


containing fraction was prepared by hepa- 
rin manganese chloride precipitation” and 
was measured enzymatically. During the 
study, the laboratory remained standard- 
ized for these measurements according to 
the Centers for Disease Control—National 
Heart, Lung, and Blood Institute criteria.” 
Based on Centers for Disease Control-fur- 
nished internal quality control pools, the 
TC, TG, and HDL cholesterol values were 
within 1.5%, 0.2%, and 1.9% of reference 
values, respectively, and their coefficients 
of variation were 1.9%, 4.2%, and 5.0%. 


Compliance 


Each subjects compliance with treat- 
ment was estimated by measuring the 
change in weight of the returned medication 
container on an electronic scale. The change 
of weight in milligrams divided by the num- 
- ber of days in the study gave the milligrams 
of medication used per day. 

To determine how many eye drops were 
in a milligram, we measured the weight of 
10 drops of 0.5% timolol maleate from a new 
bottle, 15 times. The bottle was held ap- 
proximately at a 45° angle; the drops were 
delivered at a rate of 1 drop per 5 seconds. 
Ten drops of 0.5% timolol maleate weighed 
0.32 +0.01 g. 


Statistical Analysis 


All measurement data were analyzed us- 
ing paired t tests, two-sample ¢ tests, and 
linear regression. Categorical data were 
analyzed using the x° test. Both the base- 
line and final lipid profiles of each volunteer 
were averages of two lipid profiles obtained 
1 week apart. Each volunteer was treated 
as a unit so that the IOPs of the right and 
left eyes were averaged when appropriate. 
Results are reported as mean+SD and 
were not considered statistically significant 
unless P<.05. 


RESULTS 


Forty volunteers with a mean age of 
35.2+7.7 years were enrolled. Twen- 
ty-eight subjects (70%) completed 
more than 60 days of the study 
(76.2+17 days); the remaining 12 sub- 
jects (80%) withdrew from the study 
(Table 1). The demographic character- 
istics (Table 2) and initial lipid profiles 
of the subjects who withdrew from the 
study were compared by two-sample t 
tests or x° tests with the characteris- 
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Table 2.—Demographic Characteristics of Subjects Who Withdrew From the Study and 
Who Completed the Study * 


12 Withdrawals 


Non-white 


o (0) 
2 (17) 


4 (33) 

6 (50) 
35.0 + 7.4 
59.1 + 9.3 


Age, y 
Weight, kg 
Body mass index 


F 178 £2.1 
21.0 = 1.5 
16.0 + 2.9 


IOP, mm Hg 


28 Completions 


2 (7) 
2 (7) 


5 (18) 

19 (68) 
35.2 + 8.1 
60.3 + 11.0 


17.8 + 2.6 
22.9 + 3.9 
16.7 + 3.8 





*Values are number (percent) or mean + SD. IOP indicates intraocular pressure. 


tics and profiles of those who com- 
pleted the study. The mean baseline 
values of TC, TG, LDL cholesterol, 
and TC/HDL in the subjects who were 
unable to complete the study were not 
significantly different from the base- 
line values of the 28 subjects who 
completed the study. However, the 
mean baseline HDL cholesterol con- 
centration of the subjects who with- 
drew (1.74+0.53 mmol/L) was higher 
than that of the subjects who com- 
pleted the study (1.45+0.29 mmol/L; 
P=.08). 


Compliance 


Twenty-two (79%) of the 28 subjects 
who completed the study returned all 
of their timolol bottles. The amount of 
0.5% timolol maleate used per day per 
subject was 0.12+0.04 g or 3.8+1.5 
drops per day. Two (9%) of the 22 
subjects used fewer than 2 drops a day 
on average. 


IOP 


Of the 28 subjects who completed 
the study, 27 had their IOP measured 
before they stopped taking the timolol 
eye drops. A mean IOP of 16.6 +3.8 
mm Hg was lowered to 14.5+2.8 mm 
Hg after 2 months of timolol therapy 
(P<.001). Fifteen (56%) of the 27 sub- 
jects had an IOP decrease of 2 mm Hg 
or more. 


Body Mass Index 


The mean body mass index of 
17.8+2.6 kg/m’ for women and 
22.9+3.9 kg/m” for men did not change 
significantly during the 2 months of 
topical timolol therapy. 


Plasma Lipids 


Neither the change in TC nor that in 
LDL cholesterol levels was statistical- 
ly significant after 2 months of topical 
timolol therapy (Table 3). The 12% 
increase in TG value was of borderline 
statistical significance (P = .07). 


Baseline HDL cholesterol level de- 
creased 0.14+0.29 mmol/L (9%) after 
an average of 76 days of topical timolol 
therapy (P<.001). By linear regres- 
sion analysis, the reduction of HDL 
cholesterol levels was not significantly 
related to age, body mass index, 
weight loss or gain, amount of drug 
used, amount of IOP reduction, or 
number of days in the study. The 
higher the baseline HDL cholesterol 
value was, the larger was the absolute 
reduction and percent decline in HDL 
cholesterol level (Figure; linear re- 
gression, r= —.6, P<.001). The mean 
baseline TC/HDL value of 3.4+1.0 in- 
creased 8% (P<.02). This increase re- 
flects the 9% decrease in mean HDL 
cholesterol value. 

No volunteers had a history of oral 
B-adrenergic antagonist use. Howev- 
er, two (7%) of the 28 subjects who 
completed the study had used topical 
B-adrenergic antagonist therapy be- 
fore the 1-month washout period. 
Since the length of time that plasma 
lipid levels remain altered by B-adren- 
ergic antagonist therapy is unknown, 
data were analyzed both with and 
without these two subjects’ data. Their 
exclusion from the analysis resulted in 
only a trivial change in the significance 
of the increase in TG levels (from 
P<.07 to P<.05). 


COMMENT 


Topical timolol twice a day adversely 
affected the plasma HDL cholesterol 
and TG levels in 28 subjects. There 
was excellent compliance with the 
medication schedule. Neither the TC 
nor the LDL cholesterol level was 
affected. However, a 0.14-mmol/L re- 
duction in mean HDL cholesterol level 
is associated with an increase in the 6- 
year risk of CHD of 26% for women 
and 21% for men.’ A 12% elevation of 
TG levels is less strongly associated 
with an increase in the risk for CHD.” 
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Table 3.—Plasma Lipid Concentrations Before and After 0.5% Topical Timolol in 28 
Subjects Who Completed Study * 


Plasma Lipid Concentration, mmol/L 
ec anh 


Before Therapy 


4.67 + 0.87 
2.66 + 0.90 
1.06 + 0.37 
1.45 + 0.29 
3.4 + 1.0 


a cholesterol 


nn cholesterol 
TC/HDL ratio 


* The timolol used was 0.5% timolol maleate. TC indicates total cholesterol; LDL, low-density EEEE SA TG, 


After Therapy 
4.62 + 0.77 
246:+ 6,72 
1.18 + 0.47 
1.32 + 0.21 
3.6 + 1.0 





triglyceride; and HDL, high-density lipoprotein. P values are by paired ż test. 


1.24 


1.55 1.86 


Baseline HDL Cholesterol, mmol/L 





The higher the baseline high-density lipoprotein (HDL) cholesterol level was, the greater was the 
percent reduction in HDL cholesterol (linear regression, r= — .6, P<.001). 


B-Adrenergic antagonists (proprano- 
lol, timolol, metoprolol, and atenolol) 
inhibit lipoprotein lipase in vitro.” Li- 
poprotein lipase, an enzyme located on 
capillary endothelium of adipose tissue 
and skeletal muscle, catalyzes the ca- 
tabolism of chylomicrons and very-low- 
density lipoproteins, both major carri- 
ers of TG in plasma. High-density 
lipoprotein cholesterol levels increase 
and TG levels decrease with catabo- 
lism of chylomicrons and very-low-den- 
sity lipoproteins. “~ 

Individuals with higher levels of 
HDL cholesterol have a lower risk for 
CHD.’ In this study, those with higher 
baseline levels of HDL cholesterol had 
larger percentage reductions in HDL 
cholesterol levels. Yet, their risk for 
CHD from a reduction of the HDL 
cholesterol level may not be as great as 
in individuals with HDL cholesterol 
levels around 0.78 to 1.03 mmol/L.** In 
other words, a 0.13-mmol/L (13%) re- 
duction in a baseline HDL cholesterol 
value of 1.03 mmol/L may be associ- 
ated with a greater increase in risk for 


CHD compared with a 0.17-mmol/L 
(13%) reduction in a baseline HDL 
cholesterol value of 1.29 mmol/L. Day 
and coworkers” found similarly that 
the higher the baseline HDL cholester- 
ol value was, the larger the absolute 
reduction of the HDL cholesterol value 
with B-adrenergic antagonists. Since 
neither their study” nor ours excluded 
subjects on the basis of cholesterol 
levels, regression to the mean is un- 
likely to account for this observation. 
In addition, the mean HDL cholesterol 
value decreased in both studies as the 
result of therapy; it did not remain the 
same, as would be expected if there 
was regression to the mean. 

Topical 0.5% timolol changed plasma 
lipid levels in a direction similar to oral 
timolol.’ Oral timolol increased TC 
levels 3.2% (compared with no signifi- 
cant effect in the present study with 
topical therapy) and TG levels 34.5% 
(compared with a 12% increase in the 
present study with topical therapy) 
and reduced HDL cholesterol levels 
11.3% (compared with a 9% decrease in 
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the present study with topical thera- 
py). Mean plasma levels 1 to 2 hours 
after an oral dose of 5 or 20 mg of 
timolol maleate were 26 or 93 ng/mL, 
respectively.” A mean plasma level of 
1.3 ng/mL has been reported” 1 hour 
after bilateral instillation of topical 
0.5% timolol maleate (200 ug of timolol 
maleate per eye drop). Other stud- 
ies™™ with oral B-adrenergic antago- 
nists have found that the effect on 
plasma lipid levels is not dose related. 
The oral and topical timolol doses test- 
ed so far may exceed the minimum 
plasma level needed for an effect on 
plasma lipid levels; this may explain 
the present failure to find a dose- 
related effect on plasma lipid values. A 
dose-related effect on plasma lipid val- 
ues could be studied with unilateral 
instillation of eye drops, performance 
of nasolacrimal occlusion or eyelid clo- 
sure,” or a lower drug concentration 
(0.25% or 0.125%). 

Although the reduction in HDL cho- 
lesterol levels has been observed to 
increase with the duration of oral 
B-adrenergic antagonist therapy,” our 
failure to find a relationship between 
the duration of therapy and the 
amount of reduction in the HDL cho- 
lesterol level was probably due to the 
small range in the number of days of 
therapy. We do not know if the effect - 
on plasma lipid levels would decrease, 
remain the same, or increase with 
longer therapy. In addition, the time 
needed for the lipid levels to return to 
baseline after oral B-adrenergic antag- 
onist therapy is unknown. 

The other topical B-adrenergic an- 
tagonists available in this country are 
levobunolol, a nonselective B-adrener- 
gic antagonist, and betaxolol, a 
B,-selective B-adrenergic antagonist. 
Topical levobunolol has been found to 
be as effective in controlling IOP as 
topical timolol and to have the same 
side effects.” No studies on the effects 
of oral or topical levobunolol on plasma 
lipid levels have been published at this 
time. 

Topical betaxolol is an effective ocu- 
lar hypotensive agent with fewer pul- 
monary side effects than the nonselec- 
tive B-adrenergic antagonists.” The 
effect of oral betaxolol on plasma lipid 
levels is as yet unclear. One study” 
found no effect, while another” de- 
tected significant increases in levels of 
TC, LDL cholesterol, and TG from 
baseline. Although mean HDL choles- 
terol level decreased in the latter 
study,” the amount of reduction was 
not statistically significant. Other 
B -selective B-adrenergic antagonists 
(atenolol and metoprolol) have affected 
levels of TC, HDL cholesterol, and TG 
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as well as “TC/HDL in tiie same 
adverse direction as nonselective 
‘B-adrenergic antagonists have.**" 
One study suggests that the elevation 
of TG levels by selective B-adrenergic 
antagonists is less than that by nonse- 
Te ‘ive B-adrenergic antagonists." The 
possibility needs to be explored that 
‘topical levobunolol and topical betaxo- 
Jol affect plasma lipid levels similarly 
to topical timolol. 

In the present study, we tested a 
young, healthy group of volunteers 
who took no other medications known 
to affect plasma lipid levels and who 
did not change their diets during the 
study. Further clinical trials are need- 
_ed to determine whether the effects of 
topical B-adrenergic antagonists on 
“plasma lipid levels are present in a 
‘population more representative of the 
estimated 1.5 to 2 million persons who 
‘receive topical B-adrenergic antago- 
nists in the US population. Twenty 
percent of this population may already 
have systemic hypertension, one of the 
known risk factors for CHD." A 
0.138-mmol/L reduction of HDL choles- 
terol values may be significant for such 
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Even if none of the patients using 
topical B-adrenergic antagonists had 
hypertension, a small reduction in 
HDL cholesterol levels for a large 
number of individuals in a defined pop- 
ulation could adversely affect the en- 
tire HDL cholesterol distribution for 
that population by shifting the distri- 
bution to the left. The shifted distribu- 
tion would be associated with an in- 
creased risk for CHD in the defined 
population as a whole (population-at- 
tributable risk). In other words, the 
risk to the individual of a 0.13-mmol/L 
reduction in HDL cholesterol level 
may be trivial, but for a whole popula- 
tion, the risk of a 0.13-mmol/L reduc- 
tion in HDL cholesterol level may be 
quite substantial. 

A lower drug concentration, smaller 
drop size,” once-a-day dosing, and/or 
the practice of nasolacrimal occlusion 
or eyelid closure” may markedly re- 
duce systemic absorption of topical 
B-adrenergic antagonists and thus re- 
duce any effects on plasma lipid levels. 
Until more definitive studies are done, 
ophthalmologists might want to con- 
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Cardiovascular and Intraocular Pressure Effects and Plasma 
Concentrations of Apraclonidine 


Anne L. Coleman, MD; Alan L. Robin, MD; Irvin P. Pollack, MD: 
Michael T. Rudikoff, MD; Cheryl Enger, MS; Philip R. Mayer, PhD 


_.@ We performed a double-masked, 
crossover study comparing the cardio- 
vascular and intraocular pressure effects 
of 0.5% and 0.25% topical apraclonidine 


j - hydrochloride and 0.5% timolol maleate 
. -420 healthy female volunteers. The con- 


= _ tralateral effects of unilateral apracloni- 


dine and the plasma concentrations of 


apracionidine were also assessed. All 
measurements were done 2, 5, and 8 
hours after drop instillation. A 15-minute 
treadmill test was performed after the 2- 
hour measurements. All three active 
medications lowered intraocular pres- 
sure comparably. There was no signifi- 
cant contralateral intraocular pressure 
effect seen with apracionidine. The apra- 
clonidine plasma concentrations were 
variable and unrelated to the amount of 
intraocular pressure lowering and car- 
diovascular parameters measured. Apra- 
clonidine did not affect blood pressure or 
heart rate any differently than placebo. 
Timolol, however, blunted exercise-in- 
duced tachycardia. There were no signifi- 
cant differences in pupillary diameters or 
interpalpebral fissure widths among 
treatment groups. 
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praclonidine hydrochloride is a rel- 

atively selective a,-agonist that 
prevents large acute intraocular pres- 
sure (IOP) elevations after argon laser 
iridotomy," argon laser trabeculo- 
plasty, neodymium-YAG posterior 
capsulotomy, and neodymium-YAG 
iridotomy.’ Other studies suggest that 
topical apraclonidine may be valuable 
in the treatment of primary open angle 
glaucoma.”’ 

Although apraclonidine theoretically 
has less blood-brain permeability than 
clonidine,” there may be a centrally 
mediated cardiovascular effect as seen 
with the parent compound, cloni- 
dine.“ Most studies demonstrate a 
minimal effect on the mean resting 
heart rate or mean arterial blood pres- 
sure, Only one study’ found a 
statistically significant decrease in 
both the resting systolic and diastolic 
blood pressures associated with topical 
apraclonidine therapy. This study’ was 
not randomized or masked and the 
control group was not matched with 
the treatment group for systemic med- 
ications (eg, antihypertensive agents). 
Neither 0.5% nor 1.5% apracionidine 
affected the mean arterial blood pres- 
sure in normal volunteers." Apracloni- 
dine (1.5%) significantly reduced the 
mean exercise heart rate only after 
stage 4 of a relatively strenuous tread- 
mill test (modified Bruce protocol). ” 

Approximately 6 years after its com- 
mon use as a glaucoma medication, 
0.5% topical timolol maleate was noted 
to significantly decrease the exercise 
heart rate in normal volunteers. “7 Ti- 
molol (0.25%) significantly blunted ex- 
ercise-induced tachycardia in normal 
volunteers in one study,” but not in 
another.” These cardiovascular effects 
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of topical timolol are consistent with 
systemic B-blockade.”” 

Apraclonidine is a newer drug and 
its systemic effects have not been as 
thoroughly tested. One study” found 
an effect on the IOP of contralateral, 
untreated eyes with unilateral apra- 
clonidine therapy. This contralateral 
effect could be mediated centrally or 
peripherally after systemic absorption. . 

We designed a  double-masked, 
crossover study to evaluate two of the 
potential systemic effects of topical 
apraclonidine, namely, the cardiovas- 
cular and contralateral effects, in nor- 
mal volunteers and to correlate these 
effects with the plasma concentrations 
of apraclonidine. Placebo and timolol 
eye drops were used as controls in this 
randomized study. The cardiovascular 
effects were evaluated with a treadmill 
test, and the contralateral effects were 
evaluated with a unilateral apracloni- 
dine treatment group. 


SUBJECTS AND METHODS 


We recruited only female volunteers be- 
tween ages 21 and 47 years to obtain a 
more homogeneous study population. Vol- 
unteers were excluded for any of the follow- 
ing criteria: a recent history of ocular trau- 
ma, infection, or uveitis; a baseline IOP of 
1i mm Hg or less; previous intraocular 
laser or conventional surgery; history of 
cardiovascular, pulmonary, cerebrovascu- 
lar, or chronic renal disease; history of 
borderline or uncontrolled systemic arterial 
hypertension; use of any systemic a-adren- 
ergie agonist or B-blocker within 30 days 
before starting the study: history of receiv- 
ing general anesthesia within the previous 
30 days; contact lens use during the study; 
or a positive urine pregnancy test result. 
Informed consent was obtained from each — 
subject. 

All volunteers had a prestudy evaluation 
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that included a baseline medical and ocular 
history, an ocular examination, a urine 
pregnancy test, electrocardiography, and a 
15-minute treadmill test. Baseline measure- 
ments of resting pulse rate and blood pres- 
sure were obtained with the subjects in a 
sitting position after resting for at least 4 
minutes. Intraocular pressure was mea- 
sured twice at baseline using the Goldmann 
tonometer (checking the right eye first). 
Pupil diameter and interpalpebral fissure 
width were measured with a millimeter 
ruler on photographs taken with a Polaroid 
CU-5 Close-up Land Camera (Polaroid 
Corp, Norwood, Mass).” This camera is 
designed to take photographs at a 1:1 mag- 
nification. The subjects were asked to fixate 
on a distant object. 

Each volunteer received each of the fol- 
lowing five treatments in random order: 
placebo (vehicle for apraclonidine) in each 
eye, 0.5% apraclonidine in each eye, 0.25% 
apraclonidine in each eye, 0.5% apracloni- 
dine in one eye and placebo in the other eye 
(unilateral therapy group), and 0.5% timolol 
in each eye. The 5 days of testing were each 
separated by a minimum washout period of 
1 week. 

Baseline measurements were obtained on 
each day of testing. Two drops of the same 
test solution were instilled in each eye, with 
a l-hour break between the first and second 
drops for both eyes. Each eye received two 
drops without nasolacrimal occlusion or 
forced eyelid closure to ensure that detect- 
able plasma concentrations were present. 
Intravenous blood samples were drawn 2, 
5, and 8 hours after the first set of eye 
drops was instilled (time zero). The plasma 
was immediately separated by centrifuga- 
tion and was frozen and stored at -20°C 
until assayed. The following measurements 
were also done at these times: applanation 
IOP, resting pulse rate, resting blood pres- 
sure, pupil diameter, and interpalpebral 
fissure width (Fig 1). 

Between the 2- and 5-hour intervals each 
volunteer performed a 15-minute treadmill 
test using a modified Bruce protocol.” The 
incline and/or speed of the treadmill were 
increased every 3 minutes. For the first 9 
minutes the speed of the treadmill was 
maintained at 1.7 mph, while the incline 
increased from 0% to 10%. The next 3 
minutes were at a speed of 2.5 mph, with an 
incline of 12%; the last 3 minutes of the test 
were at a speed of 3.4 mph, with an incline 
of 14%. Diastolic and systolic blood pres- 
sures and heart rate were checked every 
minute and an electrocardiograph continu- 
ously monitored the volunteers. The volun- 
teers quantitated their level of general fa- 
tigue, chest pain, leg pain, and dyspnea 
using the Borg scale.” Their blood pressure 
and heart rate were monitored for 15 min- 
utes after the conclusion of the treadmill 
test. 

A sensitive gas chromatographic tech- 
nique was used to determine the plasma 
concentrations of apraclonidine. A 4.0-mL 
plasma aliquot and internal standard 
(ALO1653) were adsorbed onto an octade- 
cyl solid-phase extraction column, which 
was washed with 0.01 mol/L of sodium 
hydroxide and eluted with methanol. The 
methanol eluate was evaporated to dryness 
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Fig 1.—A schematic drawing representing the testing schedule for each treatment arm. 


and the samples were derivatized with pen- 
tafluorobenzyl bromide. Following purifica- 
tion of the derivative on an octadecyl ex- 
traction column, the derivative was eluted 
with ethyl acetate—methanol (90:10), evapo- 
rated to dryness, and reconstituted prior to 
injection onto the gas chromatograph. The 
Hewlett-Packard 5890A chromatograph 
(Hewlett-Packard Co, Palo Alto, Calif) was 
equipped with a capillary column and a 
nickel-63 electron capture detector. Peak 
height ratios, which were normalized for 
the internal standard, were compared with 
a least-squares standard curve prepared in 
the same manner. The apraclonidine assay 
was linear over a range from 0.2 to 
15 ng/mL. 

All measurement data were analyzed us- 
ing repeated-measures analysis of variance 
(F test) and the Bonferroni t test to control 
the type I error rate when making multiple 
pairwise comparisons. The data for the 
right and left eyes of each volunteer were 
averaged when appropriate; thus, each vol- 
unteer was treated as a unit except for the 
unilateral therapy group, in which each eye 
was analyzed separately. All statistical 
tests were based on the change of the 
parameters from baseline to adjust for any 
difference in baseline measurements. Re- 
sults are reported as the mean (+SD). The 
rate of change was defined as the slope 
computed by least-squares linear regres- 
sion. Differences in the frequency of exer- 
cise-induced symptoms were analyzed using 
the y test and a 1 df x” test for trend to test 
changes over time. Plasma concentrations 
of apraclonidine were compared using Wil- 
coxon’s rank sum test. Results were consid- 
ered statistically significant at P<.05. 


RESULTS 


Twenty healthy women entered and com- 
pleted the study (Table 1). The drawing of 
intravenous blood samples was discontin- 
ued in one patient on the third study day 
because of a phlebitis. All other volunteers 
had intravenous blood samples drawn with- 
out complications. 

The mean baseline IOP for the 5 study 
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Table 1.—Demographic 
Characteristics 


No. (%) of 


Characteristic Subjects 


Age,y 
23-29 
30-39 
40-47 

Race 
Ww 19 (95) 
B 1 (5) 

Iris colors 
Brown 
Hazel 
Green 
Blue 


6 (30) 
9 (45) 
5 (25) 


5 (25) 
4 (20) 
4 (20) 
7 (35) 


days ranged from 15.4 to 16.5 mm Hg 
(P=.05). All active medications lowered 
IOP more than placebo (P<.001) at all 
intervals when compared with baseline (Fig 
2). There was no statistically significant 
difference between any apraclonidine con- 
centration and timolol, although 0.5% 
apraclonidine in both eyes did have a slight- 
ly larger 1OP-lowering effect than the other 
treatment groups at the  2-hour 
measurement. 

The apraclonidine-treated eye in the uni- 
lateral-therapy group showed a significant 
IOP lowering (P<.001), while the eye re- 
ceiving placebo (the contralateral eye) 
showed an IOP lowering from baseline that 
was not statistically significant. Five hours 
after drop instillation, the difference in IOP 
lowering between the contralateral eye and 
the bilateral placebo group was 1.11 mm 
Hg, with a 95% confidence interval (CI) of 
-1.0 and 3.2 mm Hg. 

None of the eyes in the placebo group had 
an IOP of 8 mm Hg or less at any interval. 
At the 5-hour interval, seven volunteers 
(35%) in the 0.25% apraclonidine group, 10 
(50%) in the 0.5% apraclonidine group, five 
(25%) in the timolol group, and three (15%) 
in the unilateral therapy group had IOPs of 
8 mm Hg or less in at least one eye. 

Neither pupil size nor interpalpebral fis- 
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Fig 2.—The change in mean intraocular pressures of all five treatment groups. Note that all 
active medications lowered intraocular pressure significantly from baseline. There was no 
statistically significant difference in the amount of intraocular pressure lowering between 0.5% 
timolol and 0.25% and 0.5% apraclonidine. 
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Fig 3.—The mean heart rates of the five treatment groups during the treadmill test. Note that the 
timolol group started and ended the treadmill test with a lower heart rate. In addition, the rate of 
change (slope) of the timolol group is significantly less than that of the placebo group. 
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*ND indicates not detectable (<.2 ng/mL). 
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sure width for any active medication com- 
pared with baseline differed significantly 
from those in eyes treated with placebo. 
Although the mean interpalpebral fissure 
widths were not significantly different be- 
tween the treated eyes and the untreated 
eyes in the unilateral therapy group, the 
95% CI for the difference in interpalpebral 
fissure width was -0.2 to 2.6 mm. 

Throughout the study there was no sig- 
nificant difference in the resting diastolic 
and systolic blood pressures among the 
volunteers with any treatment. During the 
treadmill test the systolic blood pressure in 
subjects treated with placebo increased 
from a mean (+SD) of 109+12 mm Hg at 
baseline to 150+18 mm Hg after 15 min- 
utes of exercise (P<.001), and the diastolic 
blood pressure increased from 71+9 mm 
Hg at baseline to 79+8 mm Hg after 15 
minutes of exercise (P<.001). Similar in- 
creases occurred in all five treatment 
groups (P>.50). 

Timolol (0.5%) reduced the amount of 
exercise-induced tachycardia compared 
with that observed in the other treatment 
groups (Fig 3). The timolol-treated group 
started and ended the stress test with a 
lower heart rate (P<.001). In addition, the 
overall rate of change in the heart rate 
(least-squares slope) during the 15-minute 
treadmill test was less for the timolol-treat- 
ed group than for the other treatment 
groups (P<.001), 

On the first study day, there were 16 
complaints of dyspnea, 15 of fatigue, and 
nine of leg pain after 15 minutes of exercise, 
whereas on the last testing day there were ~ 
only 10 complaints of dyspnea, two of fa- 
tigue, and one of leg pain after 15 minutes 
of exercise. There were no complaints of 
chest pain in any group at any time. The 
complaints of dyspnea (P<.02), fatigue 
(P<.001), and leg pain (P<.001) were sig- 
nificantly associated with the number of 
prior treadmill tests done. There was no 
apparent association between the eye drops 
received and the occurrence of these 
complaints. 

The plasma concentrations of apracloni- 
dine ranged from less than 0.2 ng/mL (un- 
detectable) to 3.0 ng/mL (Table 2). Five 
hours after drop instillation there were 
quantifiable levels in 20 of 20 plasma sam- 
ples from the 0.5% apraclonidine treatment 
group, 17 (85%) of 20 from the unilateral 
therapy group, and 10 (53%) of 19 from the 
0.25% apraclonidine treatment group. The 
median plasma levels of the unilateral ther- 
apy group were higher than those of the 
0.5% and 0.25% apraclonidine groups at the 
2- and 5-hour intervals (P<.05). 


COMMENT 


Apraclonidine hydrochloride (0.5%) and 
0.5% timolol maleate have been shown to 
significantly lower IOP in normal volun- 
teers in this and previous studies.” This 
is, however, the first study to directly 
compare the IOP lowering of topical apra- 
clonidine and timolol in normal volunteers. 
We found no statistically significant differ- 
ence in the IOP lowering of topical 0.5% and 
0.25% apraclonidine hydrochloride and 
0.5% timolol maleate. 

Interestingly, all active medications low- 
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ered IOP to 8 mm He or less in at oust one 
eye in 25% or more of the volunteers. 
p Intraocular pressures less than 8 mm Hg 
are lower: than presumed episcleral venous 


-pressures and suggest that both timolol and — 








‘lonidine hydrochloride not only sup- 
s aqueous flow” but may decrease 
lOP by other mechanisms i in some individ- 
“uals: In a prior study,” apraclonidine low- 
„eret -IOP to 10 mm Hg or less in 80% of 

normal volunteers. In a study” of unilateral 
"0.5% timolol, 64% of the volunteers had 

TOPs of 8 mm Hg or less in either eye after 
1 week of therapy. 

Since exercise is known to lower IOP 
acutely,” all of the volunteers in this 
-study performed their treadmill tests at the 
game time of the day for each of the testing 

days. The effect of any exercise condition- 
ing on IOP“ was minimized by randomiza- 
-tion of the treatments. None of the placebo- 
: treated eyes in our study had a statistically 
significant IOP lowering at the 5- and 
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8-hour measurements even though the 
treadmill tests were performed between 


the 2- and 5-hour measurements. 


The detection of apraclonidine in the plas- 
ma demonstrates the systemic absorption of 
topical apraclonidine. The variability ob- 
served in the plasma concentrations was 
most likely due to differing rates of drug 
absorption and elimination. We did note a 
trend for plasma concentration to increase 
with increasing concentrations of apracloni- 
dine. Plasma concentrations were not relat- 
ed, however, to the amount of IOP lowering 
in apraclonidine-treated eyes in all treat- 
ment groups or in placebo-treated eyes in 
the unilateral therapy group. 

Systemic absorption of apraclonidine did 
not cause significant systemic hypotension 
or bradycardia during rest or exercise. It 
may be that higher concentrations could 
increase plasma concentrations sufficiently 
to produce systemic effects. Minimal! effects 
on resting and exercise blood pressures and 
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heart rates have been noted in other stud- 
or: aaa | 
We restricted this study to the testing of. 
healthy female volunteers for 8 hours and to` 
only two doses of active medication. Thi 
study population does not represent a typi 
cal glaucomatous population. Subjects were: 
young, healthy, and receiving no concomi-. 
tant medications. The lack of significant. 
systemic effects does not mean that there. 
are none, After chronic use and widespread 
distribution of topical B-adrenergic: antago-.. 
nists, significant systemic effects were re 
ported years later.” This study did not 
address the issues of chronic use or usein 
elderly patients with preexisting systemic. 
diseases. Although further studies are 
needed to evaluate these issues, this stu 
suggests that 0.25% and 0.5% apraclonidine 
eyedrops may be safer than 0.5% timolol 
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cataract surgery). : 
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Accuracy of Diagnosis of Choroidal Melanomas 


in the Collaborative Ocular Melanoma Study 


COMS Report No. 1 


The Collaborative Ocular Melanoma Study Group 


@ in the 3-year period during which pa- 
tients were enrolied into the Collaborative 
Ocular Melanoma Study, 413 eyes with 


-clinical diagnoses of choroidal melanoma 


_ were examined histopathologically as of 
December 31, 1989. Four hundred eleven 
of these eyes were found to be diagnosed 
correctly. One eye, removed after preop- 
erative external beam radiation, was 
found to have a hemangioma. The second 
eye, removed after radioactive iodine 
plaque placement, was described as a 
magnoceliuiar nevus (melanocytoma) by 
four of the five pathologists on the Collab- 
orative Ocular Melanoma Study Pathology 
Review Committee. The Collaborative Oc- 
ular Melanoma Study misdiagnosis rate of 
0.48% is the lowest ever reported. The 
major challenge with regard to posterior 
uveal melanomas is no longer that of cor- 
rect diagnosis but rather determination of 
the optimal treatment. 

{Arch Ophthalmol. 
1273) 


1990; 108: 1268- 


| number of benign and malignant 
~ lesions can simulate the ophthal- 
moscopic appearance of a choroidal 
melanoma. In most such instances, 
enucleation of the eye is a tragic loss to 
the patient because the mimicking le- 
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sion may be small and the eye may still 
be capable of useful vision. Similarly, 
failure to distinguish a simulating le- 
sion from a melanoma can lead to un- 
necessary radiotherapy or other treat- 
ment. 

Numerous studies over the past 25 
years have investigated the occurrence 
of misdiagnosis with regard to malig- 
nant melanoma.’* Two early studies 
based on materials from the Armed 
Forces Institute of Pathology (AFIP) 
reported that approximately one of 
every five eyes enucleated because of 
visual lesions considered clinically to 
be melanoma, in fact had simulating 
lesions. Most of these were benign 
tumors or nonneoplastic diseases. A 
more recent review of 6169 whole eyes 
submitted to the AFIP noted that the 
rate of incorrect diagnoses declined 
from 12.5% to 14% over an ll-year 
period.” More recent studies from 
other centers indicate that only about 
2% to 8% of the eyes enucleated with 
the clinical diagnosis of choroidal mel- 
anoma have a different pathologie 
process 5111617 

Review of previous studies (Table) 
reveals that the average percentage of 
incorrect diagnoses reported in recent 
years is strikingly lower than what 
was reported by the earlier and widely 
quoted AFIP studies.” The earlier re- 
ports emphasized the need for more 
careful diagnosis, which may well have 
played an important role in the subse- 
quent decrease in the rate of erroneous 
diagnoses. 

While earlier investigators have 
suggested that a lower misdiagnosis 
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rate may be associated with facilities 
available at a large center," the in- 
crease in diagnostic accuracy in the 
most recent AFIP study is believed to 
represent “the state of the art” among 
ophthalmologists practicing outside of 
major ocular oncology centers.” The © 
overall improvement in correct diag- 
noses of choroidal melanoma is also 
attributed to the increased awareness 
of simulating lesions as well as to the 
more effective utilization of echogra- 
phy and fluorescein angiography prior 
to treatment. A decline in the annual 
rate of misdiagnoses to 1.4% in the 
AFIP study is attributed to the above 
factors, in addition to the greater 
availability of experienced consult- 
ants.” 

In previous studies, it appears that 
eyes with opaque media were more 
frequently misdiagnosed as harboring 
malignant tumors than those with 
clear media. For example, Davidorf et 
al” reported, in their study of eyes ex- 
amined from 1970 to 1981, that 21.4% 
of the eyes having an obscured view of 
the fundus were submitted to the pa- 
thology laboratory with an incorrect 
diagnosis of malignant melanoma. 

The purposes of the present study 
are to determine the occurrence of 
misdiagnosis of melanoma in eyes enu- 
cleated within the Collaborative Ocu- 
lar Melanoma Study (COMS); and to 
identify and discuss the lesions simu- 
lating melanoma. The histopathologic 
findings, grading system, and histo- | 
pathologic prognostic variables for 
melanomas will be reported in the fu- 
ture. 
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PATIENTS AND METHODS 


The design of the COMS has been de- 
scribed previously,” and the COMS Manual 
of Procedures is available.” Patients who 
are candidates for the COMS are referred to 
one of 42 clinical centers located through- 
out the United States and the eastern half 
of Canada. At the COMS clinical centers, 
patients are examined by clinicians with 
training in the diagnosis of choroidal mel- 
anoma. Standardized echography, fundus 
photography, and fluorescein angiography 
are part of the standard COMS examina- 
tion for all patients diagnosed with choroi- 
dal melanoma. Echograms are reviewed for 
consistency with the diagnosis on arrival at 


the COMS Echography Center in Miami, 
Fla. Similarly, fundus photographs and 
fluorescein angiograms are reviewed at the 
COMS Photograph Reading Center in lowa 
City. If the senior investigators at either of 
these two centers judge that the materials 
reviewed are inconsistent with choroidal 
melanoma, they notify the ophthalmolo- 
gist. The COMS protocol specifies that sur- 
gery should be undertaken within 4 weeks 
of random assignment; however, treatment 
is usually performed more promptly. Thus, 
in a few cases, eyes may be enucleated be- 
fore central review of echograms and pho- 
tographs has been completed. 

As of December 31, 1989, 413 eyes had 
been enucleated from 413 patients enrolled 





Source Study Center 










y 
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Color Fig 1.—Clinical appearance of large, 
amelanotic choroidal tumor with overlying vit- 
reous hemorrhage (case 1). 
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Misdiagnosis Rates of Ocular Melanoma” 





Davidorf et al,” 1983 Ohio State University 1931-1981 13/345 3.5 





University Augenklinik, 


1966-1974 36 / 300 .O 


Coleman (ultrasound),** Columbia University Prior to 1973 2/58 3.4 
1973 


University Augenklinik, 


Davies,” 1963 Kresge Eye Institute Prior to 1962 132/470 28.1 


Jensen,”' 1963 Copenhagen, Denmark 1943-1952 84/389 


* AFIP indicates Armed Forces Institute of Pathology. 
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Study Diagnoses/ Misdiagnosis 
Period No. of Eyes Rate % 





1970-1980 
1955-1977 


48/744 6.4 
6/224 2.7 















1964-1973 1/29 3.4 


1968-1972 102/902 11.3 


1962-1972 7/188 3.7 
1956-1971 5/29 17.3 
1962-1969 41/208 19.7 
1940-1966 6/95 6.3 
1957-1965 17/214 7.9 
1955-1964 11/86 12.8 
1949-1962 100/529 18.9 


Prior to 1956 81/204 39.7 


1950-1954 111/862 12.9 





Color Fig 2.—Clinical appearance of enlarged 
choroidal tumor in the left eye after iodine 125 
plaque therapy. 


in the COMS. Eyes were either fixed imme- 
diately in 37% neutral-buffered formalde- 
hyde solution or kept in tissue culture fluid 
until gross examination was completed and 
then fixed in 37% neutral-buffered formal- 
dehyde solution. Gross examination and 
processing were carried out using standard- 
ized protocols” either at the pathology lab- 
oratory of the clinical center where the pa- 
tient was receiving care or at the COMS 
Pathology Center at the Massachusetts Eye 
and Ear Infirmary in Boston. At the time of 
gross examination, the tumor was localized 
by transillumination. The surgeon’s draw- 
ing of the tumor also was available for ref- 
erence. The eye was either opened in the 
conventional method in an anteroposterior 
meridian or opened using the Folberg 
technique,” which involves opening the eye 
initially in a plane away from the tumor 
and subsequently sectioning it perpendicu- 
larly through the tumor. Photographs were 
taken and the tumor was measured. Mea- 
surements were recorded on standardized 
forms. 

Subsequently, the tumor was step-sec- 
tioned at 6 um (central facility) or 8 um 
(other laboratories). Sections were stained 
with hematoxylin-eosin; bleached, hema- 
toxylin-eosin-stained sections were pre- 
pared as well. Matched sets of five hema- 
toxylin-eosin-stained and bleached, and 
hematoxylin-eosin-stained, sections were 
examined by the five members of the COMS 
Pathology Review Committee, as well as by 
the pathologist from the individual center. 
A detailed, standardized data sheet was 
completed independently by each reviewer. 
In addition, a narrative description in the 
standard report format was prepared for 
each case. 


RESULTS 


Four hundred eleven (99.5% ) of the 413 
specimens were found to contain choroidal 
melanomas. The two cases with other diag- 
noses are reported below. 


REPORT OF CASES 


Case 1.—A 32-year-old white man pre- 
sented with a large choroidal mass in the 
lower temporal quadrant of the right eye. 


Color Fig 3.— Gross appearance of magnocel- 
lular nevus (melanocytoma) (arrow). 
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Fig 1.—Arteriovenous phase of fluorescein angiogram showing a highly 


vascular tumor (case 1). 
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Fig 2.—Case 1. Top left, Transverse B-scan shows a large, dome- 
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shaped tumor with shallow overlying retinal detachment. Bottom left, A 
scan. Top and bottom right, A-scan shows medium internal reflectivity 
interpreted as being atypical for melanoma. 





Fig 3.—Case 1. Left, Choroidal hemangioma with overlying retinal detachment and subretinal exudate. Right, High-powered 
view of hemangioma showing large vascular channels lined by endothelium. The vascular channels are separated by thin sep- 
tae composed of fibrous tissue with normal melanocytes. 


The amelanotic lesion was somewhat ob- 
scured by an overlying vitreous hemor- 
rhage (Color Fig 1). The fluorescein angio- 
gram was partially obscured by the vitreous 
hemorrhage but revealed that the mass was 
highly vascular (Fig 1). A diagnosis of mel- 
anoma was made based on the clinical 
examination supported by echography and 
photography. The patient was enrolled in 
the study and randomized to undergo ex- 
ternal beam radiation followed by enucle- 
ation. Central review of the echograms at 
the COMS Echography Center showed 
slightly irregular internal structure with 
variable but predominantly medium reflec- 
tivity. These features were noted to be 
atypical for melanoma (Fig 2). Review of 
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color photographs and fluorescein angio- 
grams at the COMS Photograph Reading 
Center indicated an amelanotic lesion con- 
sistent with choroidal melanoma. 

On gross examination, the specimen was 
seen to consist of an intact right globe. The 
iris was brown. On transillumination, a de- 
fect measuring 15 X 14 mm was seen in the 
lower temporal quadrant. The eye was 
opened in the transverse meridian. A dark 
choroidal mass was seen corresponding to 
this defect. The tumor measured 14 mm at 
its base and had a maximum thickness of 4 
mm. The retina was detached over the 
tumor. The remainder of the gross exami- 
nation results were unremarkable. 

Microscopic sections were examined in- 
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dependently by the five members of the Pa- 
thology Review Committee. A summary of 
their findings revealed a choroidal tumor 
measuring 14 mm in its basal diameter and 
3 mm in height between the equator and 
disc. The tumor was composed of large vas- 
cular channels lined by endothelium. The 
vascular channels were separated by thin 
septae composed of fibrous tissue with nor- 
mal melanocytes present. The diagnosis 
from histopathologic examination was cav- 
ernous hemangioma (Fig 3). 

CASE 2.—A 25-year-old white woman pre- 
sented with a choroidal tumor in the left 
eye. On fundus examination, an elevated 
choroidal mass was seen underlying a se- 
rous retinal detachment. Orange pigment 
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Fig 4.— Case 2. Top left, at left (top, transverse; bottom, longitudinal), B-scan shows a dome-shaped tumor. A-scan (top right) 
at tissue sensitivity shows a high internal reflectivity atypical for melanoma. A-scan (bottom right) at measuring sensitivity. 
Top right, Arteriovenous phase of fluorescein angiogram showing choroidal tumor with pinpoint leaks characteristic of ma- 
lignant melanoma. Bottom left and right, Microscopic appearance of choroidal tumor composed of necrotic pigment-contain- 
ing cells and viable cells consistent with a diagnosis of magnocellular nevus (melanocytoma). 


was present on the surface of the lesion. The 
tumor was estimated clinically to be 11 xX 12 
mm at its base and 4 mm high. The patient 
was enrolled in the study and randomized to 
receive iodine 125 plaque therapy in July 
1987. 

Echography indicated a height of 4.3 mm. 
The high internal reflectivity of the tumor 
seen with standardized echography subse- 
quently was reported by the Echography 
Center as atypical for melanoma (Fig 4, top 
left). The angiogram was judged at the 
Photograph Reading Center to be compat- 
ible with a clinical diagnosis of choroidal 
melanoma. 

Following treatment, the lesion enlarged, 
as did the overlying retinal detachment 
(Color Fig 2). Visual acuity decreased from 
20/30 to 20/50 in the affected eye. Fluores- 
cein angiography showed typical pinpoint 
leakage characteristic of a choroidal ma- 
lignant melanoma (Fig 4, top right). The 
lesion continued to demonstrate high inter- 
nal reflectivity and the height increased to 
4.7 mm. The left eye was enucleated on 
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February 8, 1988. 

An intact left globe was received at the 
Pathology Center. The iris was brown. On 
transillumination, a defect measuring 
11 X 10 mm was seen overlying the macula. 
The eye was opened in the horizontal me- 
ridian and a brown tumor was seen involv- 
ing the posterior choroid and measuring 8 
mm at its base and 4 mm in height (Color 
Fig 3). A retinal detachment was present 
over the tumor. The remainder of the ex- 
ternal and gross examinations were unre- 
markable. 

Microscopic slides were reviewed inde- 
pendently by members of the Pathology 
Review Committee. A choroidal tumor 
measuring 7 mm at its base and 3 mm in 
height was present posterior to the equator. 
The tumor was composed of pigment-con- 
taining cells, about two thirds of which 
were necrotic. Macrophages were present. 
The viable cells were consistent with a 
magnocellular nevus (Fig 4, bottom left and 
right). No mitotic figures were seen. The 
optic nerve was not involved by tumor and 


the tumor did not extend beyond the inner- 
most layers of the sclera. 

A diagnosis of magnocellular nevus was 
made by four of the five ophthalmic pathol- 
ogists. The fifth ophthalmic pathologist, 
however, judged that there was sufficient 
pleomorphism so that choroidal melanoma 
could not be ruled out. All of the patholo- 
gists mentioned that the histologic appear- 
ance of the tumor could be a result of the 
radiation therapy. The lesion did not in- 
volve the optic nerve or the area adjacent to 
it and occurred in a white woman. These 
features lowered the suspicion for the diag- 
nosis of melanocytoma in this case. A dis- 
tinctive clinical appearance and character- 
istic slower growth of this tumor could not 
be considered as features differentiating it 
from a melanoma. 


COMMENT 


Choroidal hemangiomas have been 
commonly confused with malignant 
melanomas in previous reports. Fluo- 
rescein angiography was performed in 
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case 1 but the findings did not distin- 
guish this lesion from an extremely 
vascular melanoma. This is not sur- 
prising since the characteristic fluo- 
rescein pattern for both lesions may be 
identical.*° 

Echography is useful in distinguish- 
ing melanoma from other lesions. 
Hemangiomas usually show internal 
echoes of higher amplitude than the 
decreasing amplitude echoes seen in 
melanoma.” The echographic findings 
in both cases (hemangioma and mel- 
anocytoma), in fact, demonstrated 
higher internal reflectivities than ex- 
pected and both were interpreted to be 
inconsistent with melanoma. Magnetic 
resonance imaging ultimately may 
prove useful in distinguishing cho- 
roidal hemangiomas from melano- 
mas." 

The misdiagnosis rate of 0.48% in 
the COMS is the lowest rate yet re- 
ported (Table). The COMS ophthal- 
mologists have demonstrated that a 
high degree of accuracy in distinguish- 
ing choroidal melanomas from simu- 
lating lesions is achievable, in both 
large university-based and smaller 
private practice~based ophthalmic tu- 
mor clinics throughout the United 
States and Canada. Unlike many of the 
other studies of misdiagnosis rates, 
the COMS is prospective in design. 

In conclusion, our review shows that 
the accuracy of correct diagnosis of 
choroidal melanoma in the COMS is 
extremely high. The major challenge 
with regard to ocular melanomas is no 
longer that of correct diagnosis, but 
rather determination of the optimal 
modality of treatment. 


This study was supported by cooperative agree- 
ments EY06253, EY0O6257, EYO62458, EYO6259, 


EYO6260, EYO6264, EYO6265, EYO6266, 
EYO6268, EYO6269, EYO6270, EY06274, 
EYO6275, EYO6276, EYO6279, EY06280, 
EYOQ6282, EYO6283, EYO06287, EYO6288, 
BEYO6289, EYO6291, EYO6839, EYO6844, 


EYO6848, EYO6858, EYO6S899, EYO6843, and 
EYO6284 with the National Eye Institute, Na- 
tional Institutes of Health. 


The COMS Group 


The participants in the COMS Group, as of De- 
cember 31, 1989, are as follows (in the order of 
Clinical Centers, Principal Investigators, Coin- 
vestigators, Ophthalmic Pathologists, Clinie Co- 
ordinators, Echographers, Photographers, Sur- 
geons, Radiation Oncologists, Radiation Physi- 
cists, and Visual Acuity Examiners): 

Kellogg Eye Center, Ann Arbor, Mich: Andrew 
K. Vine, MD; Scott R. Sneed, MD; Victor Elner, 
MD, PhD; Reimer J. Wolter, MD; Julie M. Willis, 
LPN, COMA; Kame! M. Itani, MD; Casaba Mar- 
tonyl; Fran Mclver; Sally Ann Stanley; Susan G. 
Elner, MD; Bartley R. Frueh, MD; Allen S. Lieh- 
ter, MD; Sonja Schoeppel, MD; Randall Ten Hak- 
en, PhD. 

Emory Eye Center, Atlanta, Ga: Travis A. 
Meredith, MD; Thomas M. Aaberg, MD; Paul 
Sternberg, Jr, MD; F. Phinizy Calhoun, Jr, MD; 
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: J ost Factors, UV Radiation, and Risk of Uveal Melanoma 


A Case-Control Study 


tate M. Seddon, MD; Evangelos S. Gragoudas, MD; Robert J. Glynn, ScD; 
-Kathleen M. Egan, MPH; Daniel M. Albert, MD; Feter H. Blitzer, MD 


= @ Uveal melanoma threatens life, as 
well as sight. To evaluate the effect of 
constitutional factors and UV radiation 
-on the risk of uveal melanoma, 197 cases 


e in New England were compared with 385 


7 -matched population controls, identified 


: by random-digit dialing, and 337 cases 


residing within the United States were 
compared with 800 sibling controls. In 
“the population-based comparison, esti- 
mated relative risks (RRs) of uveal mela- 
noma, after adjustment for other factors, 
: were elevated for the following: ancestry 
-trom more northern latitudes with a sub- 
“stantially elevated risk for Northern Euro- 


> pean ancestry (RR, 6.5; 95% confidence 


‘interval [Cl], 1.9 to 22.4) and more than a 
twofold risk for British ancestry (RR, 2.4; 
95% Ci, 1.1 to 5.1), as compared with 
_. Southern European or other Mediterra- 
-= nean heritage; light skin color as com- 
_ pared with dark (RR, 3.8; 95% Cl, 1.1 to 
_ 12.6); and 10 or more cutaneous nevi as 
->. compared with none (RR, 2.7; 95% Cl, 1.5 

to 4.9). There was a statistically signifi- 

-cant trend for increasing risk with more 


‘veal melanoma is the most common 
— primary intraocular malignancy in 
- adults and is fatal in more than half of 
-< all cases.’ Treatment involves removal 


© ofthe eye or radiation with potential 


~~ visual loss. Despite these serious con- 

- sequences, few studies have sought to 

identify risk factors for this disease.” 

- Among whites, light pigmentation is 
-arisk factor,” and the disease is rare 
-among blacks.” Modifiable factors have 
“not been established, although one re- 

= port has implicated sunlight exposure.’ 

- Further evidence supporting this hy- 

< pothesis has been sparse. Uveal mela- 

~ noma trends’ have not paralleled 
> those of skin melanoma, namely, an 
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northern heritage and more moles. 
Southern residence (below latitutde 40° 
N} for more than 5 years also increased 
risk (RR, 2.8; 95% Ci, 1.1 to 6.9), as 
compared with none. In both compari- 
sons, use of sunlamps was a risk deter- 
minant (RR, 3.4; 95% Cl, 1.1 to 10.3 with 
random-digit dialed controls and RR, 2.3; 
95% Cl, 1.2 to 4.3 with sibling controls, 
comparing occasional or frequent use to 
never use), as was intense sun exposure 
(RR, 1.7; 95% CI, 0.9 to 3.0 and RR, 2.1; 
95% Cl, 1.4 to 3.2, respectively). Howev- 
er, birthplace below latitude 40° N and 
outdoor work were associated with a 
lower risk. Results indicate that personal 
attributes are strong independent risk 
factors for uveal melanoma, and new 
host factors, ancestry and moles, are 
identified. Some but not all of the evalu- 
ated indexes of UV exposures were relat- 
ed to a small to moderate increased risk 
of this potentially fatal disease. 

{Arch Ophthalmol.  1990;108:1274- 
1280) 


increase in incidence over time™ and 
higher rates at lower latitudes,”" 
which support the association of sun- 
light exposure with risk of skin mela- 
nomas. On the other hand, the sunlight 
hypothesis is plausible given the corn- 
mon cell of origin, the melanocyte, for 
both skin and eye melanoma. Although 
little UV radiation may actually reach 
the choroid and ciliary body through 
the filters of the cornea and lens, some 
rays do penetrate, especially early in 
life when the lens remains transpar- 
ent.” If sunlight is indeed a risk 
faetor, the incidence of ocular melano- 
ma may increase with depletion of 
atmospheric ozone“ and with wide- 
spread use of artificial sources of UV 
radiation. 

Although there has been much effort 
to assess the management of this dis- 
ease, perhaps the best way to reduce 
mortality from uveal melanoma is by 
prevention. Identification of intrinsic 
and extrinsic factors, which place an 
individual at increased risk of melano- 
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ma, may promote modification of beha- 
viors for certain individuals and a de- . 
crease in the occurrence of this dis- 
ease. 

We conducted a case-control study 
that included evaluation of constitu- 
tional factors and exposure to natural 
and artifical sources of UV radiation as 
risk determinants for uveal melanoma. 


METHODS 
Cases and Controis 


Cases were white US residents who had 
clinically or histologically confirmed mela- 
noma of the choroid, ciliary body, or both. 
They were identified at the Massachusetts 
Eye and Ear Infirmary (MEED, Boston, or 
by mailings to New England ophthalmolo- . 
gists. Subjects with melanomas of the iris ~ 
were excluded, since these rare tumors 
differ in their histopathologic features and 
prognoses, and too few cases were accrued 
during the study period for meaningful ana- 
lyses. Since uveal melanoma at all sites is 
extremely rare among blacks, the study 
was limited to whites. To minimize poten- 
tial reeall bias and the influence of changes 
in behaviors that may oceur in response to 
disease, only cases diagnosed within the 
previous year were considered for inclusion 
in the study. Of 443 eligible cases diagnosed 
between January 1, 1984 and June 30, 1987, 
394 (89%) participated. The cases ranged in 
age from 17 to 88 years, with a mean age of 
57 years. Of the total 394 case participants, . 
359 were seen at the MEEI for treatment 
evaluation, 23 were identified in the pathol- 
ogy laboratory, and 12 were identified by 
mailings. 

Two Series of cases were included. The 
first set of cases were subjects with uveal 
melanoma who resided in any one of the six 
New England states at the time of diagno- 
sis. Of 215 consecutive, eligible cases, 197 
(92%) participated. These subjects were 
either referred to the MEEI for treatment, 
were identified after enucleation in the 
MEEI pathology laboratory, or were iden- 
tified by biannual mailings to ophthalmolo- 
gists in all the New England states. Up- 
dated lists of ophthalmologists were 
obtained annually from the New England 
Ophthalmology Society and the American 
Academy of Ophthalmology. All cases were 
confirmed by findings from indirect oph- 
thalmoscopy, fluorescein angiography, and 
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i: raon atanh or ay E A E re- 
sults. Controls for these population-based 
cases were selected by random-digit dialing 
(RDD).” Controls were selected by using 
telephone numbers with the same first five 
bers as cases but with the final two 
‘numbers randomly generated. Households 
‘were screened for members of the same sex 
and similar age. Two controls, matched on 
age (+8 years) and sex, were selected for 
‘each case. For nine cases, only one eligible 
eontrol could be identified. Interviews were 
conducted anonymously, and calling was 
conducted during day and evening hours 7 
days per week. This approach yielded ap- 
proximate geographic matching for city of 
residence, Mean ages and age ranges were 
similar for cases (59.2 years, 18 to 88 years) 
and controls (58.3 years, 19 to 88 years), 
and there was a similar distribution of cases 
and, controls within decades of age. Three 
i ed eighty-five controls were inter- 
“viewed, with a response rate of 85%. 
<: Inthe second series, 387 incident cases of 
‘uveal melanoma with living siblings were 
‘identified at the MEEI by referral for 
‘treatment or pathology evaluation. Three 
hundred thirty-seven (87%) agreed to par- 
ticipate. More than half (195/337) resided 
outside New England. Up to four sibling 
‘controls per case were interviewed, with a 
median of two sibling controls per case. 
‘Those of the same gender as, or closest in 
age to, the case were chosen when more 
than four siblings were identified. Of 823 
eligible sibling controls, 300 (97%) agreed to 
articipate. One hundred forty cases had 
RDD and sibling controls. Informed 
consent was obtained from all subjects, and 
3 onfidentiality was maintained throughout 



























oe e population-based series was em- 
ployed to assess whether constitutional 
characteristics, location of residence, and 
other indexes of UV radiation exposures 
inereased the risk of uveal melanoma. The 
national case series was not population 
based. Siblings were chosen as controls to 
minimize potential bias in referral patterns 
and to examine the role of exposure to UV 
radiation controlling for genetic pre- 
disposition, 


Structured Interview 







_All participants were interviewed on the 
“tele; ephone by professional interviewers, 
rning constitutional factors, ocular 
medical histories, and exposure to po- 
tial environmental risk factors, including 
‘natural and artificial sources of UV radia- 
tion. Interviewers were unaware of study 
hypotheses. Questions concerning ocular 
status that would unmask the interviewer 
with regard to case or sibling control status 
were placed at the end of the interview. 
Interviewers were aware of RDD control 
status. Questions were asked about current 
exposures, as well as those that occurred 15 
years before the interview, because cancer 
may have a long latency period from expo- 
sure to disease onset. 
< Ancestry was defined as having both 
ith lineage from one of the follow- 
ur regions: (1) British Isles (England, 
A a ‘Scotland, and Wales); (2) Northern 
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Europe (Finland and Scandinavian and Bal- 
tic countries, including Lithuania, Latvia, 
and Estonia); (3) Southern Europe or the 
Mediterranean area (Greece, Italy, Portu- 
gal, Spain, Yugoslavia, or the Middle East); 
and (4) Central Europe (other European 
countries and Russia, of which eight cases 
and 14 RDDs were Russian). Individuals 
with lineage from two of these regions were 
classified as having “mixed” ancestry. Indi- 
viduals with Hispanic, Far Eastern, and 
other Asian ancestry (n=7), and those of 
unknown ancestry (n=35), were excluded 
from the analyses that assessed the risk of 
uveal melanoma associated with ancestry. 

Subjects were asked to estimate their 
number of moles as none, one to nine, or 10 
or more, and freckles as none, one to 100, or 
more than 100. Skin reaction from exposure 
to the sun in the summer for a few hours 
without protection (after having been in the 
sun several times) was reported as no reac- 
tion or tan, slight burn (some redness or 
sunburn), or severe burn (with pain or 
blistering). 

The number of years lived at each resi- 
dence was recorded. Southern latitude was 
defined as approximately below the latitude 
(lat) 40° N parallel as in a previous study.’ 
A further rationale for this choice of lati- 
tude was that the center of the population 
of the United States, in 1980, was lat 
38°8''13" N.® Birth or residences outside 
the United States below the lat 40° N were 
also considered as south. Analyses were 
also performed using lat 43° N as the cut 
point, a division that would give approxi- 
mately equal numbers of subjects north and 
south in this study, centered in New En- 
gland. For each residence reported, the 
respondent was asked to report the number 
of years lived there and to estimate the 
amount of time spent in the sun during 
those years as a little time, a moderate 
amount, or much time (intense exposure) in 
the sun. Number of years lived below lat 
40° N and number of years having intense 
sun exposure at all residences were catego- 
rized based on the distribution in the study 
population. 

Two weighted sunlight scores based on 
residential histories were computed. The 
first was based on a numerical assignment 
of either 1 = north of lat 40° N, or 2= south 
of lat 40° N, and self-reported exposure to 
sunlight at each residence as 1=intense, 
2= moderate, and 3= low, multiplied by the 
time spent in each residence, and divided 
by the person's age. The second score was 
derived by using the method of Collman et 
al.” Solar radiation values for each state 
were obtained,” and an average solar value 
was calculated for states with more than 
one reporting station. The radiation intensi- 
ty of each state was multiplied by the 
duration of time spent in that state and the 
reported amount of time spent in the sun 
(assigned a value of 80% for much time, 50% 
for a moderate amount of time, and 20% for 
a little time in the sun). This product was 
summed for all residences and divided by 
the respondent’s age, yielding an average 
annual exposure value. 

Time spent outside while working was 
reported as minimal, moderate, or high. 
Retirees and those who never worked were 


classified as not: working. “Participation in 


outdoor hobbies and sunbathing (nomne, one < 
to nine, or 10 or more times per year), use 
of sunglasses or visor when outdoors (rarely 
or never, occasionally, or almost always), 
sunburning (times per year), use of glasses __ 


or contact lenses (number of years used 
most of waking hours), and exposure to 
welding arcs (yes or no) were assessed. 
Highest level of education, occupation, and 
income were also obtained. 

Medical history included questions about 
psoriasis, a risk factor for uveal melanoma i 
in a previous study, the use of photosensi- B 
tizing medications” for more than 3 months, 
and a history of skin cancer. Medical re- 
cords were sought to validate histories of 
those who reported skin melanoma and 
nonmelanoma skin cancer. 


Analyses 


Relative risks (RRs) for uveal melanoma 


associated with individual characteristics — 
were estimated by using matched logistic — 
= All comparisons of cases with _ 


regression. 
RDD controls accounted for the matching _ 
on age, sex, area code, and the first five — 

digits of the telephone number. All analyses 
of cases compared with sibling controls 
accounted for the matching on sibship. 

Estimation of crude RRs considered each 
characteristic in a separate model, taking, 
as a reference category, the level of that 
characteristic thought a priori to have the 
lowest risk. Trends in risk associated with 
ordered characteristics were evaluated in 
separate matched logistic regression 
models, 

Adjusted RRs for constitutional factors 
were estimated in multivariate-matched lo- 
gistic regression models that contained all 
evaluated constitutional factors. Ninety- 
five percent confidence intervals (CIs) were 
eonstructed for the RR estimates. Multi- 
variate-matched logistic regression models 
were all adjusted for age, and those com- 
paring cases with sibling controls were also 
adjusted for sex. Adjusted RRs for mea- 
sures of UV exposures were estimated in 
regression models that contained constitu- 
tional characteristics (eye color, skin color, 
ancestry, and moles) and exposures (resi- 
dential history, use of sunlamps, eye pro- 
tection, amount of cutside work, and fluo- 
rescent-lighting exposure), which were 


considered in a previous report? or in our ae 
analyses as potential determinants. Socio- — 


economic variables (education, occupation,  - 
and income) were also included in logistic . 


regression models, and the estimated ef- 


fects were essentially unchanged. Correla-~ 
tions among variables were assessed with 
the use of Pearson correlation coefficients, 
and those variables with correlations great- 
er than .5 were not considered in the same 
logistic regression model. 


RESULTS 
Constitutional Factors 


Estimated RRs of uveal melanoma | 
associated with constitutional factors 
in the population-based study are — 
shown in Table 1. Unadjusted esti- 
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‘mates were elevated for each pigmen- 
tary characteristic and increased with 
progressively fairer coloring. Howev- 
er, after adjustment for intercorrela- 
tions between these and other consti- 
tutional factors, estimates for eye and 
hair color were close to 1 and nonsig- 
nificant, while skin color remained an 
independent indicator of risk. Partici- 
pants reporting light skin tone had 
nearly four times the risk of uveal 
melanoma compared with darker- 
skinned persons (RR, 3.8; 95% CI, 1.1 
to 12.6). 

Ancestry was strongly related to the 
risk of disease in these data, even after 
adjusting for other host factors. Per- 
sons with both parents of Southern 
European or Mediterranean ancestry 
were at significantly lower risk com- 
pared with those from other parts of 
the world, and there was a significant 
trend toward increasing risk with an- 
cestry from regions at greater dis- 
tances from the equator. Adjusted RR 
estimates were 2.0 to 2.4 for categories 
corresponding to regions at intermedi- 
ate latitudes (Central Europe and Brit- 
ish Isles). The highest risk was associ- 
ated with northern latitudes; the 
adjusted RR estimate was 6.5 (95% 
CI, 1.9 to 22.4). 

To assess sensitivity to sunlight fur- 
ther, we evaluated moles, freckles, 
and reaction of the skin to sunlight 
exposure. Presence of moles on the 
skin was a risk determinant with a 
nearly threefold risk among those re- 
porting 10 or more moles (adjusted RR 
estimate, 2.7; 95% CI, 1.5 to 4.9). 
Neither freckling, nor a tendency to 
sunburn, however, were associated 
with the risk of uveal melanoma. The 
estimated adjusted RR for constitu- 
tional factors, in general, increased 
after further adjustment for UV expo- 
sures. Light skin color compared with 
dark (adjusted RR, 3.7) and Northern 
European ancestry compared with 
Southern Mediterranean (adjusted 
RR, 7.0) was associated with the high- 
est estimated risks. 

When cases were compared with sib- 
ling controls, a weaker but significant 
trend for an increase in estimated risk 
with more moles was also present: 
adjusted RRs were 1.3 (95% CI, 0.9 to 
1.7) for one to nine moles and 1.5 (95% 
CI, 1.0 to 2.2) for 10 or more moles, 
relative to none. A trend for increasing 
RR with more freckles was also pre- 
sent, with adjusted RR estimates of 
1.3 (95% CI, 1.0 to 1.8) for one to 100 
freckles and 1.6 (95% CI, 0.9 to 2.6) for 
more than 100 freckles, relative to 
none. The adjusted RRs for skin and 
hair color were close to 1, whereas 
estimates for eye color were 1.5 (95% 














Adjusted RR 



















% 
a eaoat, RR Estimate 

Risk Factor Cases Controis Estimate (95% Cit 
Brown 25 37 1.0 1.0 
Green, hazel 28 26 1.6 1.3 (0.7-2.2) 
Blue 47 37 2.0F 1.2 (0.7-2.1) 

= Black i 12 _1.0 2 
Brown 63 69 1.5 1.2 (0.5-2.5) 
Red /blonde 29 19 2.5% 1.3 (0.5-3. 1) 
Dark 3 1.0 
Medium 48 3.1 (0.96-9.8) 
Light 49 3.8 (1.1-12.6) 
Aney pE 

Southern European, 

Mediterranean 9 18 1.0 1.0 
Central European 24 26 2.4 2.0 (0.96-4.2) 
Mixed 17 15 2.6 2.4 (1.02-5.5) 
British isles 37 31 2.8 2.4 (1.1-5.1) 
Northern European ee 2 8.54 6.5 (1.9-22.4) 
0 41 52 1.0 1.0 
1-9 40 37 1.4 1.4 (0.9-2.3) 
>9 19 11 2.3¢ 2.7 (1.5-4.9) 
0 ENI 38 42 1.0 1.0 
1-100 50 48 1.1 0.9 (0.6-1.4) 
> 100 12 





< Skin reaction tosun ooo 
None or tan 
Slight burn 


Severe burn 


1.1 (0.6-2.2) 





1.0 (0.7-1.6) 
0.9 (0.4-1.9) 


* Cases are compared with population controis. Percents not adding to 100 indicate missing values. RR in- 


dacates relative risk: Ci, confidence interval. 


tThe RRs were estimated from a matched logistic regression model that included terms for age and factors 


listed in Tabie. 


+The x? test for trend, P < .05, calculated for crude RR only. 


CI, 1.0 to 2.3) for green or hazel eyes 
and 1.3 (95% CI, 0.8 to 2.1) for blue 
eyes, 


UV Exposures 


Exposures to UV radiation as in- 
dexed by residential history were ex- 
amined in the population-based com- 
parison. As shown in Table 2, for 
cumulative years of residence south of 
lat 40° N, a greater than twofold esti- 
mated adjusted RR was found in the 
intermediate-exposure category (<5 
years), and almost a threefold risk was 
found in the high-exposure group (>5 
years) compared with none. The ad- 
justed RR estimate for birthplace in 
the South was 0.2 (95% CI, 0.0 to 0.7), 
compared with birth in the North. The 
corresponding estimates that related 
to a cut point of lat 48° N were as 
follows: an RR of 2.8 (95% CI, 1.4 to 
5.3), for a southern residence for a 
total of 5 or fewer years: an RR of 4.1 
(95% CI, 1.8 to 9.2) for greater than 5 
years compared with none; and an RR 
of 0.5 (95% CI, 0.2 to 0.9), for a 
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southern birthplace compared with a 
northern birthplace. The estimates 
were all in the same direction and were 
similar in magnitude and thus were not 
sensitive to a few degrees’ variation in 
choice of cut point for latitude. 
Another model was evaluated that 
included a term for interaction (effect 
modification) of residence and birth- 
place on melanoma risk that showed 
the estimated interaction to be small 
and not statistically significant. Re- 
sults imply independent positive (ad- 
verse) effects of northern birthplace 
and southern residence on risk of uveal 
melanoma. Table 2 also displays the 
results of the cumulative sunlight 
score derived from the lat 40° N cate- 
gorization of residence. There was a 
small effect in the medium-exposure 
category that was not statistically sig- 
nificant, and there was not a dose- 
dependent relationship. Results based 
on the other method for deriving a 
cumulative score” were close to the 
null and not statistically significant. 
Since UV light is more likely to pass 
through a clear ocular lens, as in the 
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first two decades of life, residential 
history in different periods of life was 
also examined. Up to the age of 20 
years, the adjusted estimated RR for 
living below lat 40° N for 5 or fewer 
years compared with none was 2.2 
(95% CI, 1.2 to 4.1), and for more than 
5 years, the adjusted RR was 0.9 (95% 
CI, 0.3 to 2.9). The adjusted estimated 
RRs for duration of southern residence 
after the age of 20 years were 1.5 (95% 
CI, 0.9 to 2.7), for 5 or less years 
compared with none and 2.3 (95% CI, 
0.9 to 6.0), for more than 5 years. 
Thus, during both early and later life, 
there was evidence for a similar ad- 
verse effect associated with southern 
residence, which was not substantially 
different from the overall cumulative 
effect. 

Reporting more intense sun expo- 
sure, based on the estimated amount of 
exposure at each residence, was asso- 
ciated with increased RR estimates in 
both groups (Table 3), which was sta- 
tistically significant in the sibling com- 
parison. Results for this latter variable 
were similar in both groups when ex- 
posures before and after the age of 20 
years were evaluated separately. 

Individuals who reported working 
outside much of the time had a lower 
risk of melanoma (Table 3). This in- 
* verse association was apparent in both 
groups, and a significant trend was 
present in the case-sibling comparison. 
Forty or more hours of exposure to 
fluorescent lighting per week, after 
adjustment for outside work and socio- 
economic and other factors, was associ- 
ated with a significantly elevated esti- 
mated RR estimate with the sibling 
controls. A history of working with 
welding arcs, a source of UV radiation, 
was reported with almost equal fre- 
quency among cases and controls. 

Participation in outdoor hobbies 
overall did not increase the risk of 
melanoma in either group, but partici- 
pation in snow sports was associated 
with an elevated estimated RR in the 
population comparison (RR, 1.8; 95% 
CI, 0.5 to 6.3). Rarely or never wear- 
ing sunglasses or visors when outdoors 
tended to increase risk compared with 
almost always using such eye protec- 
tion in the sibling series, but this asso- 
ciation (RR, 1.4) was not statistically 
significant. Individuals who did not 
wear glasses or contact lenses regular- 
ly or “most of waking hours” were at 
lower risk compared with regular 
users. 

As shown in Table 4, there was an 
elevated estimated RR associated with 
occasional or frequent exposure to sun- 
lamps compared with having never 
used sunlamps, which was evident in 
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Risk Factor Cases 
Birthplace 
Noflat 40° N 193 (97.8) 
S oflat 40° N 4 (2.2) 
Cumulative years of residence 
S of lat 40° N 
0 112 (56.9) 
>0-5 69 (34.8) 
25 16 (8.3) 
Cumulative sunlight score 
Low 61 (31) 
Medium 69 (35) 
High 67 (34) 








Table 2.—Estimated RR of Uveal Melanoma According to Indexes of Sun Exposure 
Assessed by Residential History * 


No. (%) 
auala“ 


Adjusted RR 


Estimated 

Controls (95% CI)t 
362 (93.9) 1.0 

23 (6.1) 0.2 (0.0-0.7) 
244 (63.4) 1.0 

105 (27.4) 2.4 (1.4-4.3) 

36 (9.2) 2.8 (1.1-6.9) 
128 (33) 1.0 

118 (31) 1.3 (0.8-2.2) 


139 (36) 1.0 (0.5-1.9) 





* Cases are compared with population controls. RR indicates relative risk; Cl, confidence interval; lat, latitude; 
N, north; and S, south. 
+The RRs were estimated from a matched logistic regression model that included terms for age, eye color, 
skin color, moles, ancestry, use of sunlamps, eye protection, outside work, fluorescent lighting, and years of 
intense sun exposure. Birthplace effect is adjusted for residence, and residence effect is adjusted for birthplace. 


both groups (RR, 3.4; 95% CI, 1.1 to 
10.3 and RR, 2.3; 95% CI, 1.2 to 4.3 for 
the RDD and sibling series, respec- 
tively), after adjustment for other risk 
factors. 

A history of nonmelanoma skin can- 
cer tended to increase the risk of eye 
melanoma in both groups (cases com- 
pared with RDD controls: adjusted 
RR, 1.6; 95% CI, 0.7 to 3.9, and cases 
compared with sibling controls: adjust- 
ed RR, 1.7; 95% CI, 0.9 to 3.3). Too 
few participants reported a history of 
skin melanoma for risk estimations 
(two cases, two RDD controls, and 
three sibling controls reported skin 
melanoma). Of the 68 subjects who 
reported skin cancer, 41 (68%) were 
confirmed by review of medical re- 
cords. There was no association be- 
tween uveal melanoma and the use of 
the photosensitizing drugs, tetracy- 
cline hydrochloride and griseofulvin, 
for 3 or more months compared with 
none (cases-RDD controls: adjusted 
RR, 0.8; 95% CI, 0.5 to 1.4, and cases— 
sibling controls: adjusted RR, 1.0; 95% 
CI, 0.7 to 1.6). Only two controls and 
no cases reported use of psoralen, an- 
other photosensitizing drug. 


COMMENT 


Results indicate that constitutional 
factors are clearly related to the risk of 
uveal melanoma. A strong, indepen- 
dent effect of ancestry was noted, 
which to our knowledge, has not been 
previously reported. Cutaneous nevi 
were also associated with a higher 
risk. In addition, findings suggest a 
small to moderate harmful effect of 
some, but not all, UV exposures stud- 
ied. Thus, similar genetic and environ- 
mental stimuli may play a role in the 


development of melanomas of all sites. 

The risk of uveal melanoma in- 
creases with ancestry from successive- 
ly more northern latitudes. Individuals | 
of Scandinavian, Finnish, or Baltic 
heritage have a substantially elevated 
risk, and those from the British Isles 
have a moderately elevated risk com- 
pared with Southern Europeans. Con- 
cordant with this finding are the some- 
what higher rates of ocular melanoma 
reported in northern countries.” Sim- 
ilar trends are also seen in the inci- 
dence rates of skin melanoma. Specifi- 
cally, a lower risk among Southern 
Europeans,” and a twofold increase in 
risk for those with Celtic heritage,” 
have been reported. In our population- 
based study, skin color had the highest 
RR among pigmentary factors as- 
sessed. In contrast, two studies have 
found either eye color’ or hair color* to 
have a higher risk than skin color. 
However, neither study controlled for 
ancestry in the same manner as was 
done here. 

The presence of moles, or cutaneous 
nevi, has not been previously reported 
as a statistically significant, dose-de- 
pendent risk factor for ocular melano- 
ma, adjusting for other constitutional 
factors. The prevalence of 10 or more 
moles among controls (11%) is high 
compared with the incidence of uveal 
melanoma (six cases per 10° persons 
per year). Certain types, eg, large or 
atypical moles, which are less common, 
may be more strongly associated with 
a higher risk of uveal melanoma. Di- 
rect evaluation of the number and aty- 
pia of moles may uncover such a rela- 
tionship. Similar methods have 
revealed that the presence of dysplas- 
tic nevi is one of the most important 
risk factors for skin melanoma.” 
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Risk Factor 
Cumulative intense sun 




































No. (%) 


Controls, 


Population-Based Comparison 


Adjusted RR Estimate 








(95% Ci)t 





Controls, 
No. (%) 


Case-Sibling Comparison 


Adjusted RR 
Estimate (95% CI) 














exposure, y 
0 116 (59) 239 (62) 1.0 182 (54) 520 (65) 1.0 
1-40 38 (19) 77 (20) 0.8 (0.5-1.5) 84 (25) 160 (20) 1.5 (1.0-2.2) 
>40 43 (22) 69 (18) 1.7 (0.9-3.0) 71 (21) 120 (15) 2.1 (1.4-3.2) 
Amount outside work 
15 y ago 
Minimal 118 (60) 216 (56) 1.0 199 (59) 392 (49) 1.0 
Not working 51 (26) 96 (25) 1.0 (0.6-1.8) 84 (25) 240 (30) 0.9 (0.6-1.3) 
Moderate 12 (6) 38 (10) 0.5 (0.2-1.1) 34 (10) 80 (10) 0.8 (0.5-1.3) 
High 16 (8) 35 (9) 0.6 (0.3-1.4) 20 (6) 88 (11) 0.4 (0.2-0.8) 
Fluorescent lighting, 
h/wk 
(0) 59 (30) 117 (30) 1.0 88 (26) 248 (31) 1.0 
1-39 84 (43) 164 (43) 0.9 (0.6-1.5) 131 (39) 336 (42) 1.1 (0.8-1.6) 
>39 54 (27) 104 (27) 1.2 (0.6-2.1) 118 (35) 216 (27) 1.7 (1.1-2.5) 
Welding arcs 
No 179 (91) 350 (91) 1.0 299 (90) 704 (88) 1.0 
Yes 18 (9) 35 (9) 1.3 (0.5-3.1) 38 (10) 96 (12) 0.9 (0.6-1.5) 
Outdoor hobbies 
(Time/y)(15 y ago) 
0 28 (14) 54 (14) 1.0 47 (14) 112 (14) 1.0 
1-9 53 (27) 65 (17) 1.5 (0.7-3.4) 71 (21) 160 (20) 0.9 (0.6-1.5) 
>9 116 (59) 266 (69) 0.7 (0.4-1.4) 219 (65) 528 (66) 0.7 (0.5-1.1) 
Sunbathing 
(Times/y) (15 y ago) 
(0) 63 (32) 131 (34) 1.0 121 (36) 296 (37) 1.0 
1-9 77 (39) 112 (29) 1.1 (0.7-2.0) 111 (33) 256 (32) 0.9 (0.7-1.4) 
>9 57 (29) 142 (37) 0.7 (0.4-1.2) 105 (31) 248 (31) 0.8 (0.5-1.2) 
Sunglasses or visor 
(15 y ago) 
Almost always 57 (29) 123 (32) 1.0 88 (26) 232 (29) 1.0 
Occasionally 45 (23) 100 (26) 0.8 (0.5-1.5) 81 (24) 224 (28) 1.0 (0.7-1.4) 
Rarely, never 95 (48) 162 (42) 1.1 (0.6-1.7) 168 (50) 344 (43) 1.4 (1.0-2.0 
Years used glasses or 
contact lenses most of 
waking hours 
15+ 98 (50) 162 (42) 1.0 157 (47) 335 (42) 1.0 
1-14 20 (10) 32 (8) 0.9 (0.4-2.0) 37 (11) 93 (12) 0.8 (0.5-1.4) 
0 79 (40) 191 (50) 0.6 (0.4-1.0) 143 (42) 372 (46) 0.8 (0.6-1.1) 














*RR indicates relative risk; Cl, confidence interval. 

tThe risks were estimated from a matched logistic regression model that included terms for age, eye and skin color, moles, ancestry, use of sunlamps, eye protection, 
outside work, fluorescent lighting, southern residence, and years of intense sun exposure. 

The risks were estimated from a matched logistic regression model that included terms for age, sex, and factors listed above (footnote 2). 


Table 4.—Estimated RR of Uveal Melanoma According to Sunlamp Use* 


Population-Based Comparison Case-Sibling Comparison 
ana‘ pe 
Adjusted RR Adjusted RR 

Sunlamp Cases, Controls, Estimate Cases, Controls, Estimated 
Use No. (%) No. (%) (95% Cl)t No. (%) No. (%) (95% CI)t 


Never 163 (83) 327 (85) 1.0 270 (80) 672 (84) 1.0 


Rarely 22 (11) 46 (12) 0.7 (0.4-1.4) 44 (13) 104 (13) 0.9 (0.6-1.4) 


Occasionally, 
frequently 12 (6) 12 (3) 3.4 (1.1-10.3) 24 (7) 24 (3) 


*RR indicates relative risk; Cl, confidence interval. 
tThe RRs were estimated from a multiple logistic regression model that included the terms listed in the foot- 
note to Table 3 for population controls (footnote 2) and for sibling controls (footnote 3). 


tion.” A review of published descrip- 
tions of 830 patients with xeroderma 
pigmentosum indicated one case of his- 
tologically confirmed choroidal melano- 
ma in a 28-year-old Japanese woman.” 
Based on the age-specific incidence 
rates of uveal melanoma in New Eng- 
land derived from our study, and the 
age distribution of the 830 patients 
with xeroderma pigmentosum (extra- 
polated from ages known for 785 of 
these patients), this represents about a 
58-fold excess risk of choroidal melano- 
ma in the population with xeroderma 
pigmentosum (P<.05).” 

Some UV light may reach the uveal 
layer of the eye despite filtering by 
more anterior structures like the cor- 
nea and lens. The potential for expo- 
sure is greatest through adolescence, 
when the lens is still transparent to 




















2.3 (1.2-4.3) 





with xeroderma pigmentosum, who 
have deficient repair mechanisms for 
UV B light-induced pyrimidine dimers 
in DNA, also have a several thousand- 
fold increase in skin cancer frequency 
compared with the general popula- 


Some exposures to UV radiation ap- 
pear to be deleterious in these data, 
and such an effect is plausible. Biologic 
mechanisms whereby UV radiation 
can directly induce carcinogenesis in- 
clude alterations in DNA.” Patients 
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UV radiation.” There is some evidence 
that patterns of sun exposure in early 
life may be more important than cumu- 
lative exposure in the genesis of cuta- 
neous melanoma,” and such a relation- 
ship has been postulated for uveal 
melanoma. However, our data do not 
suggest that there is a critical period in 
life during which risk is greatest. 
Risks were elevated for southern resi- 
dence and reported intensity of expo- 
sures for periods before and after the 
age of 20 years, as well as cumulatively 
over a lifetime. Blue light or wave- 
lengths in the near UV portion of the 
spectrum may also be damaging.” 
These wavelengths are relatively high 
in energy, and transmittance through 
the cornea and lens is higher at all ages 
relative to UV radiation. 

In addition to a direct effect, sun- 
light might also act indirectly by a 
systemic alteration in immunologic 
function” or by production of a “solar 
circulating factor.”” Such compromise 
of the immunologic system by UV radi- 
ation would render ocular parameters, 
such as eye color or use of eye protec- 
tion, much less important than other 
bodily exposures. 

Sunlamp use, independent of consti- 
tutional factors and other UV expo- 
sures, imposed a twofold to threefold 
-elevated risk. This artificial source of 
UV radiation had the largest effect of 
all behaviors studied. The direction 
and magnitude of the risk were consis- 
tent across control groups. This result, 
together with a weaker relationship in 
a previous report in which the highest 
exposure group had an RR of uveal 
melanoma of 1.5 (95% CI, 0.9 to 2.3),” 
suggests that this association may in- 
deed be real. No significant dose-re- 
sponse relationship was demonstrated 
in either that study or ours, however. 
A few studies have also evaluated sun- 
lamps or tanning booths as risk factors 
for skin melanoma. Swerdlow et al” 
reported a significantly increased risk 
of cutaneous melanoma (RR, 2.9; 95% 
CI, 1.3 to 6.4) associated with the use 
of UV lamps and sun beds. This result 
was supported by results of a recent 
study,” but the findings from other 
studies have been  inconclusive.*” 
Since cutaneous melanoma has been 
reported among patients with psoria- 
sis” and users of psoralens,” we also 
considered these exposures. Control- 
ling for reported psoriasis did not alter 
the risk associated with sunlamp use, 
and reported psoralen use was too rare 
to evaluate. Our finding clearly needs 
further study, since sunlamp use can 
produce nearly seven times more DNA 
damage per unit of erythema than the 
sun does,” and it is therefore a poten- 
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tially potent carcinogen. Most of the 
older tanning lamps yield excessive 
doses of UV B radiation.” 

The proportion of shorter wave- 
lengths (<290 nm) in the UV range 
emitted from fluorescent lights may 
exceed that from sunlight.“ Fluores- 
cent lighting has been reported as a 
risk factor for cutaneous melanoma in 
one study,” but others have not con- 
firmed these results.” To our knowl- 
edge, there are no previous reports 
that considered this exposure for uveal 
melanoma, and our positive finding in 
one comparison group requires further 
study. 

Suggestive associations were also 
seen between melanoma and participa- 
tion in snow sports and lack of shading 
the eyes from sunlight by sunglasses 
or a visor, which is consistent with 
findings from a previous report.” There 
are many varieties of sunglasses, how- 
ever, and some do not absorb UV 
light.” Use of sunglasses without a UV 
filter may actually increase ocular UV 
exposure by causing dilation of* the 
pupils. Properties of sunglasses worn 
are thus important, but difficult to 
assess, since such information is un- 
commonly known by those who wear 
them. Hats with brims or visors may 
be as effective as sunglasses in shield- 
ing the eyes.“ Nonmelanoma skin can- 
cer, known to be caused by cumulative 
sun exposure,” was associated with a 
60% to 70% elevated risk in both com- 
parison groups, which also lends sup- 
port to a sunlight relationship. 

A few findings, however, are more 
difficult to explain in terms of a UV 
radiation hypotheses. Indoor workers 
tended to have an elevated risk, which 
is similar to findings from other re- 
ports for both uveal* and cutaneous” 
melanoma. Possible explanations in- 
clude fluorescent-lighting exposure or 
acute bursts of sunlight exposure 
among persons not “conditioned” for 
outdoor activities. No association was 
found between uveal melanoma and 
gardening, sunbathing, sunburning, 
welding arc exposure, and reaction of 
the skin to sunlight. Birthplace below 
the 40° N parallel was actually associ- 
ated with a reduced risk (adjusted RR, 
0.2; 95% CI, 0.0 to 0.7). This CI ex- 
cludes the larger risk estimate of 2.7 
(95% CI, 1.3 to 5.9) found in a previous 
study.” That study differed from ours: 
only birth in the United States was 
considered, iris melanomas were in- 
cluded, and local hospital controls with 
detached retinas were used. Another 
more recent study reported a relation- 
ship midway between these two oppos- 
ing findings (RR, 1.1; 95% CI, 0.8 to 
1.5).” Latitude of birthplace would be 


associated with an increase or decrease 
in risk, depending on the extent to 
which birthplace reflected UV expo- 
sure or genetic type. If exposure and 
genetic type were perfectly controlled, 
there would likely be no correlation of 
risk with birthplace. Birthplace as a 
correlate of sunlight exposure, particu- 
larly in childhood, can be relevant only 
through its association with duration of 
residence. With regard to genetic con- 
stitution, we controlled for host fac- 
tors, including skin and eye color, 
moles, and ancestry, but there is prob- 
ably residual constitutional variation 
by latitude. Under this interpretation 
of birthplace, one would expect an 
increased risk with northern birth- 
place, as we found in this study. 

Although we found a few positive 
findings regarding UV exposure as a 
risk factor, the hypothesis is biological- 
ly plausibile, and there is a temporal 
effect with respect to disease occurring 
subsequent to reported exposures, 
there are issues that warrant caution 
in attributing causality to UV expo- 
sure for this disease. These concerns 
include the few apparently inconsis- 
tent findings in our study as described 
above, and the lack of a dose-response 
effect for the relatively weak effects 
that were found. Additional research 
that incorporates quantitative mea- 
sures is needed to confirm and refine 
these relationships. 

Potential biases should be consid- 
ered. Selection bias is unlikely in the 
population-based study, since a major- 
ity of the cases in New England were 
enrolled in this study and controls 
were obtained from the same underly- 
ing population. One reason that sib- 
lings were chosen as controls for the 
national case series was to minimize 
referral bias. It is possible, however, 
that siblings of cases, if they had de- 
veloped a melanoma, would not have 
been identified in a similar manner to 
the cases. To address potential prob- 
lems with recall, we enrolled cases 
diagnosed within 1 year, so that their 
responses reflected behaviors before 
the diagnosis and were less likely to be 
influenced by changes that occurred 
afterward. Misclassification of expo- 
sures is a potential limitation, since 
data were based on self-report. With 
respect to constitutional factors, for 
example, it is possible that subjects 
incorrectly included other skin lesions 
when estimating the number of moles. 
One study suggests that self-report of 
mole counts by questionnaire is reli- 
able,” but subjects were nurses, who 
may be more familiar with distinguish- 
ing these lesions. Since a relationship 
between cutaneous nevi and ocular 
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melanoma was unknown at the time of 
the interviews, it is unlikely that dif- 
ferential misclassification can explain 
the relationship between melanoma 
and moles found here. The lack of an 
association with tendency to sunburn 
in these and other data,‘ despite the 
associations with fair pigmentary attri- 
butes that would suggest otherwise, 
might be due to misclassification of the 
subjects’ own skin reactions. Some 
persons might have been uncertain 
about their reaction because they tend 
to avoid the sun. Sunlight exposures 
throughout a lifetime are also difficult 
to measure and are subject to error. If 
misclassification of these exposures is 
nondifferential, our RR estimates are 
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biased toward the null. However, 
cases might have differential recall of 
sunlight-related behaviors compared 
with controls, which could bias results 
away from the null. The finding of an 
increased risk of melanoma with sun- 
lamp use in both case-control series 
lends credence to that relationship. 
Uveal melanoma can seriously im- 
pair vision, may result in loss of the 
eye, and threatens life. The findings of 
this study reveal new host risk factors 
that should be confirmed and adjusted 
for in future research that evaluates 
modifiable factors. Results regarding 
indicators of UV radiation raise con- 
cerns about a possible small to moder- 
ate harmful effect of some of these 
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exposures. For scientific reasons, to 
help elucidate the genesis of uveal 
melanoma, and for practical reasons, 
to clarify whether eye or other bodily 
protection from UV radiation may pre- 
vent visual morbidity and deaths from 
this disease, further studies of uveal 
melanoma that incorporate objective 
assessment of both constitutional fac- 
tors and exposures to natural and arti- 
ficial UV radiation are needed. 
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Management of Traumatic Hemorrhagic Retinal 


‘Detachment With Pars Plana Vitrectomy 


-Dennis P. Han, MD; William F. Mieler, MD; Daniel M. Schwartz, MD; Gary W. Abrams, MD 


>: @ Traumatic hemorrhagic retinal de- 
tachment may prevent successful visual 
rehabilitation of eyes with severe posteri- 
or segment injury. We managed 19 con- 
- secutive cases of traumatic hemorrhagic 
retinal detachment with pars plana vit- 
rectomy, scleral buckling, and fluid-gas 
exchange, with or without internal drain- 
age of subretinal hemorrhage. We based 
our approach on the amount of subret- 
_ Inal hemorrhage present and the location 
“of associated retinal breaks. Internal 
«drainage of subretinal hemorrhage was 
_ performed in 16 eyes to allow adequate 
iopexy to hemorrhagically elevated 
ial breaks (9 eyes), to remove mas- 
~ sive subretinal hemorrhage (4 eyes), and 
“to allow intraoperative reattachment 
when the retina exhibited bullous retinal 
detachment (3 eyes). Overall, with a mini- 
mum of 6 months of follow-up, anatomic 
reattachment was achieved in 13 (68%) of 
19 eyes, and functionai success (visual 
acuity 5/200 or better) was achieved in 6 
(32%) of 19 eyes. Anatomic failure re- 
_ Sulted from proliferative vitreoretinop- 
“ athy (4 eyes) and globe atrophy (2 eyes). 
_ Drainage of subretinal blood appeared to 
beneficial for hemorrhagically elevat- 
ed tinal tears to allow adequate retino- 
id may help to accomplish long- 
; natomic attachment in eyes with 
massive subretinal hemorrhage or bul- 
lous retinal detachment. 
(Arch Ophthalmol. 1990;108:1281-1286) 
















B leding into the subretinal space 

may occur after severe penetrat- 
ing, perforating, or blunt ocular trau- 
ma involving the posterior segment. In 
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some cases, large amounts of blood 
may accumulate, creating a hemor- 
rhagic detachment of the retina. 
Subretinal hemorrhage might also pre- 
vent laser photocoagulation—induced 
chorioretinal adhesion because of the 
physical separation of the retina and 
underlying retinal pigment epithelium 
during treatment. Current techniques 
of pars plana vitrectomy and internal 
drainage allow removal of subretinal 
blood through retinotomies or preex- 
isting tears. The use of these tech- 
niques to flatten hemorrhagically de- 
tached maculae in age-related macular 
degeneration has been reported.’ In 
hemorrhagic detachment of the retina 
due to trauma, the indications for re- 
moval of subretinal blood are poorly 
defined. We 
cases of traumatic hemorrhagic retinal 
detachment encountered during pars 
plana vitrectomy using selected crite- 
ria for drainage of subretinal blood. 
Herein, we describe our indications 
and results. 


PATIENTS AND METHODS 


We managed 19 consecutive eves (19 
patients} characterized by traumatic hem- 
orrhagic retinal detachment with pars plana 
vitrectomy at the Medical College of Wis- 
consin, Milwaukee, between April 1985 and 
March 1989. Specific indications for vitrec- 
tomy and the nature of the injuries for each 
case are listed in Table 1. 

All eyes underwent three-port pars plana 
vitrectomy with use of a vitreous aspir- 
ation/cutting instrument and a separate 
endoilluminator. Pars plana lensectomies 
were required in phakic eyes to allow visu- 
alization of the posterior segment, to re- 
move traumatice cataracts, or to facilitate 
postoperative fluid-gas exchange. Removal 
of vitreous hemorrhage and, if indicated, 
relaxation of retinal traction with epiretinal 
membrane stripping, scleral Packing, or 
relaxing yretinotomy were performed.” 
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managed a number of 


Subretinal hemorrhage was drained inter- 
nally for the following indications: (1) he- 
morrhagically elevated retinal breaks, (2). 


massive hemorrhagic retinal detachment in- | - 


volving the posterior pole, and (8) bullous — 
detachment of the retina. Internal drainage 


was performed through a posterior drain- — 


age retinotomy if a massive hemorrhagic or 
bullous detachment was present (Fig 1) or 
through preexisting retinal breaks (atro- 


genic or otherwise) if hemorrhagically ele- _ 


vated (Figs 2 and 3). In eyes without these 
findings, subretinal hemorrhage was left in 
place. Liquefied blood was removed with a 
tapered (20- to 24-gauge) extrusion cannula. 
An attempt at delivery of clotted blood 
from the subretinal space was first made 
with the extrusion cannula, followed by use 
of intraocular pic-forceps if use of the can- 
nula was unsuccessful. Simultaneous fluid- 
air exchange was sometimes used to facili- 
tate removal of liquefied subretinal blood. 
No attempts were made to drain choroidal 
hemorrhage, if present. After drainage of 
subretinal blood and fluid-air exchange, in- 
sufflation of the vitreous cavity was per- 
formed with a nonexpansile or slightly ex- 
pansile mixture of perfluoropropane gas in 
room air. Endophotocoagulation was also 
applied to the margins of all retinal breaks 
in two or three nearly confluent rows of 
treatment. In most cases, a prophylactic 
encircling scleral buckle was placed with 
use of an episcleral solid silicone element. 
Patients were followed up for a minimum 


of 6 months after their most recent surgery. ` 


Anatomic success was defined as complete 
retinal attachment posterior to the scleral. 


buckle without phthisis. Functional success 


was defined as a visual acuity of 5/200 or 
better. The case report below is included to — 
highlight aspects of evaluation and manage- _ 
ment of traumatic hemorrhagic retinal 
detachment. 


REPORT OF A CASE 


A 23-year-old man (case 3) was pounding 
metal on metal and noted a sudden onset of 
pain and decreased vision in his left eye. He 
was referred to the Medical College of — 
Wisconsin for evaluation. Examination of 
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Case No./ 
Age, y/ 
Sex/Eye 


1/28/M/OS 


2/20/M/OD 


3/23/M/OS 


4/5/M/OD 


5/24/M/OS 


6/49/M/OD 


7/32/M/OS 


8/16/M/OD 


9/11/F/OS 


10/14/M/OS 


11/29/M/OS 


12/24/M/OD 


13/63/M/OD 


Nature of 
Injury 


Corneoscleral 
laceration 
(nail) 

Corneoscleral 
laceration 
(metallic IOFB) 


Scleral 
laceration 
(metallic IOFB) 


Corneoscleral 
laceration 
(stick) 


Scleral laceration 
(glass) 


Scleral laceration 
(nail) 


Corneoscleral 
perforation 
(shotgun pellet) 


Corneoscleral 
laceration, 
traumatic 
lens loss 


Scleral laceration 
(pellet) 


Scleral 
laceration 
IOFB (BB) 


Rupture of cataract 
incision (fist) 


Corneoscleral 
laceration 
(broken bottle) 

Corneoscleral 
laceration 
(crowbar) 


14/50/M/OS _ Scleral laceration 


(bottle) 


Interval 
Between 
Initial Injury and 
Vitreous Vitrectomy, 
Procedures d 


Visual 
Acuity 
at Last 
Exami- 
nation 


Preoper- 
ative 
Visual 
Acuity 


Duration 
of Follow- 
up, mo 


Anatomic 
Success 


Eyes With Hemorrhagically Elevated Retinal Tears 


20/200 3 Vx, Lx, SB O 


20/200 Vx, Lx, SBt 


20/50 Vx, Lx, SB, 
relaxing 


retinotomy 


20/400 


Vx, Lx, SB, 
relaxing 
retinotomy 


Vx, SB, 
relaxing 
retinotomy 


Vx, Lx, SB, 
relaxing 
retinotomy 


Eyes With Massive Hemorrhagic Retinal Detachment 


6/200 18 Vx, SB 


Vx, Lx, SB 


Eyes With Bullous Hemorrhagic Retinal Detachment 


HM 11 Vx, SB, PK 12 


Functional 
Success 


Reason for 
Failure or 
Reduced Vision 


Macular pigmentary 
abnormality 


Macular pucker from 
PVR 


Posttraumatic optic 
neuropathy 


Recurrent retinal 
detachments from 
PVR (reoperated) 

Recurrent retinal 
detachments 
from PVR 
(reoperated) 

Submacular membrane 
formation (PVR) 


Fibrous ingrowth 


Subretinal scar 


Recurrent retinal 
detachment from 
reopened drainage 
retinotomy 

Submacular membrane 
formation (PVR) 


Phthisis 


Phthisis 





15/21/M/OD _ Scleral laceration LP NLP 10 Vx, Lx, SB 3 - _ PVR 
IOFB (BB) 
16/9/F/OS Corneal laceration LP LP 6 Vx 5 - _ PVR 


17/16/M/OS Perforation, scleral / 


(stick) 


scleral (BB) 


18/29/M/OS _ Scleral laceration 


19/20/M/OS Perforation, scleral / 


(glass) 


scleral 


LP 20/200 6 Vx, SB 10 


HM 20/300 6 Vx, Lx, SB 10 + 


Vx, Lx, SB 


+ 


pa 


Eyes With Localized Extramacular Hemorrhagic Retinal Detachment (No Drainage of Subretinal Hemorrhage Performed) 


Undetermined 





Undetermined 


Macular injury 





(shotgun pellet) 


*LP indicates light perception; Vx, vitrectomy; Lx, lensectomy; SB, scleral buckle; IOFB, retained intraocular foreign body; HM, hand motions; PVR, proliferative vit- 
reoretinopathy; PK, penetrating keratoplasty; plus sign, yes; and minus sign, no. 
tThis scleral buckle was performed as a secondary procedure. 
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Fig 1.— A massive subretinal hemorrhage 
with internal drainage of subretinal blood. A 
posterior drainage retinotomy is placed out- 
side the macular region, closest to an area of 
maximal retinal elevation. Suction or forceps 
may be required to remove liquefied or clotted 
blood. Once a drainage retinotomy is created, 
removal of as much blood as possible is re- 
quired to achieve adequate retinopexy 
around the drainage site. 


the right eye yielded normal findings. In 
the left eye, the visual acuity was 20/400. 
External, pupillary, and extraocular motil- 
ity examinations yielded normal findings. 
Slit-lamp examination revealed a conjuncti- 
val laceration and a scleral laceration in- 
volving the superotemporal quadrant of the 
left eye, with prolapsed vitreous. The lens 
appeared clear, and vitreous and 4+ red 
blood cells were present in the anterior 
chamber. Fundus examination revealed a 
hemorrhagic retinal detachment extending 
temporally and peripherally from the 12- to 
6-o’clock meridians. The macula appeared 
flat, with a small amount of subfoveal blood. 
The scleral wound was internally visible at 
the 12:30 position. Orbital roentgenograms 
demonstrated an intraocular 3-mm metallic 
foreign body. 

On the day of injury, the patient under- 
went repair of a 17-mm scleral laceration 
that extended 14 mm posterior to the supe- 
rior rectus muscle insertion. External mag- 
netic extraction of the foreign body was 
performed through the preexisting lacera- 
tion. Seven days after injury, vitreous hem- 
orrhage obscured the view of the fundus. 
Digital B-secan ultrasonography demon- 
strated partial vitreous detachment, diffuse 
vitreous opacities, and nonmobile retinal 
elevation with moderate subretinal acoustic 
reflectivity involving the superotemporal 
fundus, indicating the presence of hemor- 
rhagic retinal detachment (Fig 4). No bul- 
lous component was seen. Eight days after 
injury, a pars plana vitrectomy, lensec- 
tomy, scleral buckling procedure, fluid-gas 
exchange (20% perfluoropropane in room 
air), and endophotocoagulation were per- 
formed. Intraoperatively, a massive 
amount of subretinal blood was noted to 
surround a superotemporal retinal defect 
and a large area of retinal incarceration into 
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Fig 2.—Hemorrhagically elevated retinal 
tear with internal drainage of localized subret- 
inal blood. Sufficient blood should be re- 
moved to allow adequate retinopexy around 
the tear. Care must be taken not to extend the 
detachment by exerting minimal traction and 
performing fluid-air exchange immediately af- 
ter drainage. 


Fig 4.—Case 3. Preoperative longitudinal B-scan ultrasonogram of the superotemporal quad- 





Fig 3.—After sufficient subretinal blood is re- 
moved, fluid-air exchange and subsequent 
endophotocoagulation around the tear are 
performed. A small amount of subretinal 
blood outside the macula and away from the 
tear may remain without ill effect. 





rant of the left eye demonstrates nonmobile retinal elevation (arrowhead), with moderately 
reflective subretinal opacities, indicating the presence of hemorrhagic retinal detachment. 


Visual acuity was counting fingers. 


the wound. A relaxing retinotomy, enlarg- 
ing the retinal defect, was required to re- 
lieve retinal traction toward the wound. To 
facilitate a laser-induced chorioretinal adhe- 
sion of the retinal break, a large amount of 
subretinal hemorrhage and two large clots 
were removed through the retinal break 
with an extrusion cannula and excised with 
the vitrectomy cutting instrument. After 
fluid-gas exchange, endophotocoagulation 


was applied to the margins of the 
retinotomy. 
The retina remained attached until 


3 months after the vitrectomy, when epiret- 
inal proliferation reopened the retinotomy 
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site, resulting in a temporal and inferior 


‘retinal detachment involving the macula. 


Repeated vitrectomy, membrane stripping, 
limited retinectomy, fluid-gas exchange 
(20% perfluoropropane in room air), and 
endophotocoagulation were performed. Six 
months later, the visual acuity was 20/50 
with aphakic correction, and the retina re- 
mained completely attached (Fig 5). 
RESULTS 


The age, sex, eye involved, nature of 
the injury, indications for vitrectomy, 
procedures performed at vitrectomy, 
preoperative and postoperative visual 
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Fig 5.—Case 3. Fundus photograph of the superotemporal periphery of the left eye 
9 months after injury demonstrates reattached retina and photocoagulation scars surrounding 
the retinotomy and drainage site. Visual acuity was 20/50. 


Table 2.—Internal Drainage for Traumatic Hemorrhagic Retinal Detachment: Anatomic 
and Functional Results by Indication 


Indication 


No./Total No. (%) 


A _ OO3O mmmssss5)5359s9 ee 
Anatomic Success 


Functional Success 


Hemorrhagically elevated retinal breaks 7/9 (78) 3/9 (33) 


Massive subretinal hemorrhage 
Bullous retinal detachment 


Localized extramacular subretinal 
blood (no drainage) 


Overall success rate (including 
nondrainage cases) 


acuities, and anatomic and functional 
status at a minimum of 6 months of 
follow-up are described in Table 1. The 
mean age of the 19 patients (17 male 
and 2 female) was 24.9 years (range, 5 
to 63 years). Eighteen patients were 
white and 1 was black. The mean dura- 
tion of follow-up was 11.2 months 
(range, 6 to 27 months). 

Indications for vitreous surgery 
were as follows: penetrating injury (13 
eyes, two with intraocular foreign 
body); perforating injuries (5 eyes, one 
with intraocular foreign body); and 
blunt rupture of the globe (1 eye). 
Seventeen eyes underwent primary 
repair of a corneal or scleral laceration, 
and 3 eyes underwent magnetic ex- 
traction of a retained intraocular for- 
eign body at the time of primary re- 
pair. Two eyes had undergone cataract 
extraction previously or did so during 
the primary repair. The mean duration 
from injury to vitrectomy was 8.0 days 
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3/4 (75) 1/4 (25) 


3/3 (100) 2/3 (67) 





13/19 (68) 6/19 (32) 


(range, 0 to 27 days). Preoperative 
ultrasound examination demonstrated 
the presence of hemorrhagic retinal 
detachment in 8 eyes, represented by 
relatively nonmobile retinal elevation 
with moderately reflective subretinal 
opacities on B-scan ultrasonography 
(Fig 4). In 1 of these eyes, hemorrhag- 
ic retinal detachment was also noted 
before primary repair by indirect oph- 
thalmoscopy; in the remaining 11 eyes, 
it was noted intraoperatively. 
Anatomic and functional results by 
indication for drainage of subretinal 
blood are presented in Table 2. In 13 
(68%) of the 19 eyes, anatomic success 
was achieved, while in 6 (32%) of the 
19 eyes, functional success was 
achieved. Of the 9 eyes with hemor- 
rhagically elevated retinal breaks, 4 
underwent traumatic retinal incarcera- 
tion and required relaxing retinotomy 
to achieve intraoperative reattach- 
ment. In these eyes, drainage of sub- 
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retinal blood was required to allow 
effective photocoagulation to the re- 
sulting iatrogenic break. In the re- 
maining 5 eyes, drainage of blood al- 
lowed photocoagulation of trauma- 
induced retinal breaks. Although the 
visual prognosis might be expected to 
differ between eyes with iatrogenic vs 
trauma-induced retinal breaks, essen- 
tially no difference in anatomic or func- 
tional success rates were seen between 
these two subgroups. For data analy- 
sis, these two types of injuries were 
grouped together because of their com- 
mon indication for drainage (photoco- 
agulation) and similar visual outcomes. 
Of the 4 eyes with massive hemorrhag- 
ic retinal detachment involving the 
posterior pole, in only 1 were retinal 
breaks noted intraoperatively These 
retinal breaks were peripheral and 
were managed with adjunctive scleral 
buckling, fluid-air exchange, and 
endophotocoagulation. 

In three of the nine eyes with hem- 
orrhagically elevated retinal breaks, 
subretinal hemorrhage remained clot- 
ted at 4, 6, and 8 days after injury. 
The clot was successfully removed 
with the extrusion cannula alone in one 
eye and with pic-forceps and extrusion 
cannula in one eye; the clot could not 
be removed with either instrument in 
the third eye. In all three eyes, ana- 
tomic success was achieved, but func- 
tional success was achieved only in the 
first eye. In all other eyes, the blood 
had liquefied and was removed with an 
extrusion cannula. 

Choroidal hemorrhage or detach- 
ment was noted in 11 of the 19 eyes 
and was usually detected with the use 
of preoperative ultrasonography. In 
none of the eyes was the hemorrhage 
iatrogenic or severe enough to pre- 
clude safe introduction of the vitrec- 
tomy instruments through the pars 
plana, nor was it a hindrance to achiev- 
ing the surgical goals of drainage of 
subretinal fluid, if indicated. Although 
eyes with choroidal hemorrhage had a 
lower functional success rate (2 [18%] 
of 11 eyes) than eyes without choroidal 
hemorrhage (4 [50%] of 8 eyes), the 
difference in visual outcome was not 
statistically significant (Fisher’s Exact 
Test, P=.32). 

Proliferative vitreoretinopathy se- 
vere enough to cause either anatomic 
failure or to require reoperation oc- 
curred in 6 eyes (82%) (excluding cases 
with macular pucker or submacular 
membranes). Overall, 7 (37%) of the 19 
eyes required repeated vitreous sur- 
gery for proliferative vitreoretinop- 
athy (4 eyes), rhegmatogenous retinal 
detachment (2 eyes), and fibrous in- 
growth (1 eye). In 2 (29%) of these 7 
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eyes, functional success was eventual- 
ly achieved. 

The causes of anatomic failure in the 
| six. eyes in which anatomic success 
~eventually was not achieved were pro- 
rative ‘vitreoretinopathy (four eyes) 
-and phthisis (two eyes). In the eyes in 
which anatomic success was achieved 
but functional success was not, causes 
of functional failure included macular 
“dysfunction from recurrent retinal 
detachment (requiring reoperation) 
(three eyes), submacular proliferative 
“membrane formation (two eyes), mac- 
-ular damage at the time of injury (one 
: nd posttraumatic optic atrophy 










proliferative mem- 
were already present at the 
: "vitrectomy in three patients 
“who were operated on at intervals of 
-10, 11, and 27 days (mean, 16 days) 
after injury. These intervals were 
longer than the mean interval of 6.5 
days for eyes without membrane for- 
mation noted at vitrectomy. Subretinal 
membranes were responsible for ana- 
tomic failure in one eye and functional 
failure in the other two eyes. 

Erythroclastic glaucoma from ante- 
rior migration of residual subretinal 
blood into the anterior chamber oc- 
~eurred in one eye in which a moderate 
‘amount. of blood was not completely 
drained through a posterior drainage 
i otomy. The intraocular pressure 
-was controlled pharmacologically and 
-by postoperative fluid-gas exchange. 
‘In this case, the migrating blood also 
prevented an adequate laser-induced 
chorioretinal adhesion from forming, 
resulting in recurrent detachment and 
subsequent proliferative membrane 
formation extending from the retinot- 
omy site. In this case, repeated vitrec- 
tomy achieved anatomic but not func- 
tional success. 






COMMENT 








<<= With the use of specific indications 
10val of subretinal blood in trau- 
1emorrhagic retinal detachment, 
“able to accomplish long-term 
l “reattachment in 68% (13/19) of 
eyes. In 82% (6/19) of eyes, functional 
visual acuity of 5/200 or better was 
achieved. Although no previous series 
has addressed the problem of traumat- 
ic hemorrhagic retinal detachment in a 
systematic manner, our overall results 
are comparable with anatomic success 
rates in other recent series of traumat- 
ic retinal detachment (34% to 60%).” 
- When eyes with localized extramacular 
ubretinal hemorrhage (cases in which 
| age was not performed) are ex- 
‘ a ded from prea an anatomic suc- 
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functional success rate of 25% (4/16 
eyes) were achieved. These figures, 
although indicative of a more guarded 
prognosis for cases in which drainage 
was performed, remain comparable 
with those of the series mentioned 
above. 

Our series suggests that certain con- 
figurations of traumatic subretinal 
hemorrhage may influence visual prog- 
nosis. In these eyes with a poor prog- 
nosis, our results demonstrate the po- 
tential efficacy of surgical drainage of 
traumatic hemorrhagic retinal detach- 
ment in conjunction with pars plana 
vitrectomy in selected cases of pene- 
trating posterior segment injury. In 
this article, we have defined the fol- 
lowing specific indications for removal 
of traumatic subretinal hemorrhage in 
penetrating posterior segment injury: 
(1) hemorrhagically elevated retinal 
breaks, (2) massive hemorrhagic reti- 
nal detachment involving the posterior 
pole, and (3) bullous detachment of the 
retina. 

Complications due to internal drain- 
age of subretinal blood during vitrec- 
tomy may be related to either the 
drainage retinotomy itself or the ma- 
nipulation of tissues required for the 
removal of subretinal blood. Complica- 
tions due to drainage retinotomies in- 
clude (1) proliferative membrane 
formation and reopening of the retinot- 


omy’; (2) bleeding from the retina or 


underlying choroid’; (3) rhegmatogen- 
ous extension of the retinal detach- 
ment; (4) facilitation of anterior migra- 
tion of subretinal blood, which may 
lead to erythroclastic glaucoma’; (5) 
damage to the nerve fiber layer; and 
(6) occlusion of a major retinal vessel if 
adjunctive endodiathermy is applied 
too close to a vessel. In addition, ma- 
nipulation of an adherent subretinal 
clot or infusion fluid currents may 
damage the outer retina or extend the 
area of retinal detachment. In one of 
our cases, reopening of the retinot- 
omy, presumably from residual blood 
interfering with laser retinopexy, and 
erythroclastic glaucoma occurred. 
Therefore, based on these potential 
complications, the risks and benefits of 
drainage retinotomy and subsequent 
manipulations should be carefully 
weighed. Unfortunately, the subret- 
inal blood is usually too viscous and 
located too far posteriorly to allow 
drainage through an external 
sclerotomy. 

Experimental evidence would justi- 
fy evacuation of subretinal blood under 
appropriate circumstances. Subretinal 
blood has been shown to be toxic to the 
retina within 24 hours of subretinal 
injection in a rabbit model,’ causing 
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rapid loss of photoreceptors and pyk- k 
nosis of the outer nuclear layer of the 


retina, as seen on histologic examina- ` 


tion. Retinal damage from subretinal 
hemorrhage may presumably occur 
secondary to toxic effects from iron 
released by hemoglobin, from physical 
separation of the retina from the un- 
derlying retinal pigment epithelium, 
from spontaneous retraction of the | 
subretinal clot that is adherent to pho- ` 
toreceptors, from induced fibrous pro- 
liferation, or from a combination of 
these factors. While surgical removal 
of subretinal blood would ameliorate 
the effects of iron toxicity and physical — 
separation, it has also been suggested 
that removal of a subretinally adherent 
clot of blood might also induce damage 
to the outer retina.” Theoretically, re- 
moval of blood as soon as possible after 
endogenous fibrinolysis might mini- 
mize the latter effect. The interval 
after which such an event would occur _ 
is not known exactly. Small or shallow ` 
subretinal hemorrhages from a variety 
of causes are known to have minimal 
effects on macular function.” There- 
fore, removal of subretinal blood would 
likely be of greatest benefit when it 
lies beneath the macular region and 
sufficient blood is present to substan- 
tially elevate it from the pigment epi- 
thelium. In reported cases of massive 
submacular hemorrhage secondary to 
age-related macular degeneration, sur- 
gical removal of blood has been associ- 
ated with an improvement in visual 
function.’ 

An adequate laser-induced chorio- 
retinal adhesion is unlikely to form 
when the retina is separated from the 
underlying pigment epithelium by a 
layer of dense blood. In experiments, 
optical penetration of blood by argon 
and krypton laser wavelengths is 
markedly reduced by hemorrhage as 
little as four to five red blood cells in 
thickness.” A sufficiently thick layer of 
blood might also prevent thermal ab- 
sorption of laser energy by the pig- 
ment epithelium and form a physical 
barrier that would inhibit formation of 
a chorioretinal adhesion. In two of our 
cases in which subretinal hemorrhage 
persisted at a retinal break, failure to 
achieve an adequate chorioretinal ad- 
hesion occurred in one, which led to a 
reopening of the retinotomy and recur- 
rent detachment. In this case, anterior 
migration of blood through the retinot- 
omy into the vitreous cavity occurred. 
It is possible that an outpatient fluid- 
gas exchange to clear the vitreous 
hemorrhage followed by repeated pho- 
tocoagulation to the retinotomy site 


may have prevented redetachment. 


Our clinical experience suggests that 


1285 











] emoval | of. gabrctnal: ‘blood 

around a retinal break would appear to 
be advisable to allow a laser-induced 
- chorioretinal adhesion to form. Ana- 
- tomic reattachment in seven (78%) of 
-nine eyes with this indication (none 
failing due to a reopened retinal break) 
suggests that an adequate chorioret- 
inal adhesion was formed in our cases. 

> Subretinal membrane formation is 
commonly noted in eyes undergoing 
vitrectomy for penetrating trauma and 
has been noted to occur within 14 days 
of. penetrating injury.” Formation of 
subretinal membranes is a common 
and early complication of traumatic 
hemorrhagic retinal detachment, hav- 
ing developed in three eyes 10, 11, and 
<27 days after the injury. These mem- 
branes could not be removed during 
- vitrectomy and resulted in either ana- 
-tomic or functional failure in all three 
eyes. Initially, blood and fibrin may 
constitute the subretinal membranes 








-` that are observed soon after injury. In 


_ our experience, such membranes may 


< be seen within 24 hours of injury. 


Subsequent proliferative membrane 
formation, however, may be enhanced 
by the continued presence of subret- 
inal hemorrhage, because serum is 
known to contain both chemoattrac- 
tant and mitogenic factors for retinal 
pigment epithelial cells that may be 
involved in the development of prolif- 
erative vitreoretinopathy. ° 

Eyes with traumatic hemorrhagic 
retinal detachment differ in their visu- 
al prognosis depending on the associ- 
ated injury and configuration of the 
detachment. Anatomie success was 
achieved in all three eyes that did not 
require drainage of subretinal blood 
for the previously mentioned indica- 
tions; in two (67%) of these eyes, func- 


tional success was achieved. These 
-~ eyes usually had a localized area of 
-.. nonmobile subretinal hemorrhage that 


did not involve the macula and had 
~~ retinal breaks that were not associated 


- with the hemorrhage. Our current un- 
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derstanding of the problem of subret- 
inal hemorrhage did not justify the 
risks of removal in these cases. It is 
likely that the visual prognosis in. such 
cases was good whether or not such 
hemorrhage was evacuated. Eyes with 
hemorrhagically elevated retinal 
breaks had the next best prognosis, 
while eyes with massive hemorrhagic 
retinal detachment and those with 
both a bullous and hemorrhagic compo- 
nent to their retinal detachment had 
the worst prognoses. In these cases, 
the efficacy of surgical drainage is diffi- 
cult to evaluate given the limited suc- 
cess achieved. Thus, the severity of 
the underlying disease may be the 
primary determinant of visual out- 
come, anatomically and functionally. 
We were unable to achieve long-term 
attachment in the three eyes with bul- 
lous, hemorrhagic detachments by 
drainage of subretinal blood; however, 
internal drainage combined with scler- 
al buckling, fluid-gas exchange, and 
endophotocoagulation would appear to 
be a reasonable empiric approach in 
these eyes with poor prognosis. 
Appropriate timing of vitreous sur- 
gery in penetrating posterior segment 
injury remains debatable.” The 
presence of visually threatening 
subretinal blood may influence the ap- 
propriate interval between injury and 
intervention. Although immediate re- 
moval of blood would be ideal for elimi- 
nation of toxicity and a metabolic bar- 
rier between the retina and the 
pigment epithelium, surgical evacua- 
tion of subretinal blood is easiest after 
dissolution of clotted blood, and re- 
moval of liquefied blood may be less 
traumatic to the outer retina than re- 
moval of an adherent clot. In our se- 
ries, 3 (27%) of 11 eyes with an interval 
of 8 days or less from the time of injury 
had persistence of clotted subretinal 
blood (4, 6, and 8 days), whereas none 
of the 8 eyes operated on later (210 
days after injury) had persistence of 
clotted blood. Because proliferative 
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vitreoretinopathy was” an impärtant 


cause of failure in our series, surgical 
intervention before the onset of the ; 
proliferative response might theoreti- 
cally be of benefit. It is unclear from 
our study, however, when this re- 
sponse begins and whether the course 
of proliferative membrane formation 
can be altered by early removal of 
subretinal blood. Many other factors 
may influence the appropriate timing 
of intervention, such as the attachment 
status of the retina, choroid, and vitre- 
ous as well as the presence of retained 
intraocular foreign bodies, inflamma- 
tion, infection, and media clarity. Al- 
though experimental studies in ani- 
mals have addressed the question of 
the timing of intervention,” clinical 
trials involving humans will be re- 
quired to answer this question. 
Because nearly all of our patients 
had sustained penetrating injuries, it 
is unclear whether vitrectomy and sur- 
gical drainage of subretinal blood 
should be implemented in the manage- 
ment of eyes that would not otherwise 
be subjected to vitrectomy for indica- 
tions related to penetrating posterior 
segment injury. Our results therefore 
cannot be extrapolated to eyes in 
which only subretinal hemorrhage 
without penetrating injury is present. — 
In conclusion, our results suggest” 
that internal drainage of subretinal 
blood during pars plana vitrectomy for 
posterior segment injury is of potential 
therapeutic benefit (1) to achieve mac- 
ular reattachment as soon as possible 
when a hemorrhagic macular detach- 
ment is present, (2) to achieve ade- 
quate treatment of retinal breaks with 
surrounding or underlying hemor- 
rhage, and (3) to achieve intraopera- 
tive retinal reattachment when a bul- 
lous retinal detachment is present. In 
such cases, the risks of internal drain- 
age appear to be outweighed by the 
potential benefits of achieving long- 
term retinal reattachment and the pos- 
sibility of continued macular function. 
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Iris Melanoma Seeding Through a Trabeculectomy Site 





<- @.A-59-year-old man who had previ- 
ously undergone a trabeculectomy in his 
` right eye was examined because of an 
enlarging pigmented lesion of the inferi- 
or portion of the iris. A fine-needle aspi- 
-ration biopsy of aqueous fluid revealed 
spindle cells and epithelioid malignant 
‘melanoma cells. The eye was enucleated, 
‘and subsequent histopathologic exami- 
nation demonstrated a mixed spindle cell 
-and epithelioid celi melanoma of the infe- 
or portion of the iris with seeding of 
noma cells into the conjunctival fil- 
bleb via the trabeculectomy site. 
ase illustrates the usefulness of 
le aspiration biopsy in the eval- 
of pigmented iris lesions and illus- 
; that iris melanoma can seed 
through a trabeculectomy site. 
{Arch Ophthaimoi. 1990;108:1287- 
1290) 








: Primary n melanoma of the iris is un- 
common’ and portends a relatively 
favorable prognosis.” This tumor can 
¿involve the iridocorneal angle and 
“cause secondary glaucoma,”*’ although 
presence of glaucoma not 
essa ily indicate that a pigmented 
s is malignant." Trabeculec- 
successfully control intraocu- 
‘ssure in certain cases of glauco- 
n eondary to iris nevi.” Several 
-previously published reports have indi- 
-eated that malignant melanoma of the 
iris can seed through surgical wounds 
from glaucoma filtering procedures 










and cause metastatic disease.*’” His- 
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topathologic evidence of iris melanoma 
spread through unguarded glaucoma 
filters has been previously published 
(Scheie procedure” and iridencleisis”); 
however, histopathologic documenta- 
tion of iris melanoma seeding through 
a guarded filter (trabeculectomy) has 
not previously been reported, to our 
knowledge. 


REPORT OF A CASE 


A 59-year-old man was followed for 15 
years because of a pigmented mass of the 
inferior portion of his right iris that had not 
enlarged over the past 10 years and was 
believed to be a nevus. The patient was 
examined in January 1989 because of de- 
creased vision in his right eye. His best 
corrected visual acuity was 20/380 and his 
intraocular pressure was 41 mm Hg by 
applanation tonometry. A 3x 3-mm tan iris 
mass was present inferiorly. Gonioscopie 
examination showed pigmentation of the 
entire trabecular meshwork. Funduscopic 
examination showed the cup-to-dise ratio of 
the optic nerve head to be 0.9. The patient 
was treated with topical 0.5% levobunolol 
hydrochloride twice a day, 4% pilocarpine 
hydrochloride four times a day, and 250 mg 
of oral acetazolamide sodium four times a 
day. When the intraocular pressure could 
not be decreased below 26 mm Hg with 
medical therapy, a trabeculectomy was per- 
formed in February 1989. The inner corneal 
resection and inidectomy specimen from the 
trabeculectomy were not submitted for his- 
topathologic evaluation. The postoperative 
intraocular pressure was 16 mm Hg. 

Nine months after surgery, enlargement 
of the pigmented iris mass was noted. The 
patient was referred to the Emory Eye 
Center, Atlanta, Ga, for evaluation of the 
iris mass. Examination revealed a best cor- 
rected visual acuity of 20/300, and pigmen- 
tation was noted in the area of the function- 
ing filtering bleb (Fig 1). The right visual 
field was markedly constricted, with only a 
temporal island of vision intact. The iris 
mass appeared fleshy and now measured 
5x5 mm. Goniosecopie examination showed 
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pi igmentation of the trabecular ae 
with the iris mass extending to Schwalbe% 
line and causing ectropion uveae. Fundus- 
copic examination showed a horizontal cup: 
to-dise ratio greater than 0.9. ee 

A fine-needle aspiration of aqueous fluid 7 
with a 25-gauge needle positioned with the > 
bevel contacting the iris tumor showed | 
spindle cells and epithelioid malignant mela- < 
noma cells. Because of decreased vision and « - 
possible spread of the iris melanoma, the. © 
eve was enucleated. 7 


PATHOLOGIC DESCRIPTION 


Examination of the cytologic speci- 
men from the aqueous fluid revealed” 
spindle-shaped cells with fusiform nu- 
clei and prominent nucleoli. Large, 
round cells with round nuclei and- 
prominent nucleoli were also seen (Fig - 
2), and several cells contained melanin 
pigment granules. The diagnosis was 
malignant melanoma. 5 

Examination of the enucleated m 
men showed a 26x25x26-mm right : 
eye with 3 mm of optic nerve attached. - 
The iris contained an approximately — 
5x 5-mm tan nodular mass from the 
7:30- to 8:30-o’clock positions. A pe- 
ripheral iridectomy with an associated — 
conjunctival filtering bleb was present 
superonasally at the 1-o’clock position. 
The eye was opened obliquely i so that “ 
same plane as the optic nerve, pupil, = 
and center of the trabeculectomy site: - 
Microscopic examination revealed a tu- 
mor composed of sheets and nests of 
cells in the inferior iris leaflet (Fig 2). 
Some of the tumor cells were spindle- 
shaped, with fusiform nuclei and prom- - 
inent round nucleoli; others had abun- 
dant cytoplasm; ‘round nuclei, and _ 
prominent nucleoli (Fig 3). Scattered — 
tumor cells contained melanin pigment — 
granules. The tumor measured. less | 
than 1 mm in its greatest thickness. : 





Fig 1.—A fleshy, vascularized iris mass is 
present from the 6- to 8-o'clock positions. The 
trabeculectomy site, including the iridectomy 
and filtering bleb, is present from the 12- to 
2-0'clock positions. 




















Fig 2.—The diffuse mass present in the infe- 
rior iris leaflet has caused ectropion uveae 
(arrowhead) and has extended onto the pos- 
terior corneal surface (arrow) (hematoxylin- 
eosin, original magnification x63). Inset, 
Fine-needle aspiration cytologic specimen of 
the aqueous fluid shows spindle-shaped mel- 
anoma cells with oval nuclei and prominent 
nucleoli and an epithelioid melanoma cell with 
abundant cytoplasm, a round nucleus, and a 
large nucleolus (Papanicolaou, original mag- 
nification x 250). 


Fig 3.—Close inspection of the base of the 
iris tumor shows numerous clusters of epithe- 
lioid malignant melanoma cells (arrow- 
heads). Spindle-shaped melanoma cells are 
also present (arrows) (hematoxylin-eosin, 
Original magnification x 63). 
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Fig 4.—The trabeculectomy site includes the 
cut edge of the iris leaflet (asterisk) and over- 
lying inner lamellar dissection of the cornea 
(between the arrowheads). Individual tumor 
cells percolate through the trabeculectomy 
into the conjunctival bleb (arrows) (hematox- 
ylin-eosin, original magnification x 10). 





Fig 5.—Tumor cells in the substantia propria 
of the conjunctival bleb display malignant cy- 
tologic features consistent with epithelioid 
malignant melanoma cells (hematoxylin-eo- 
sin, original magnification x 63). Inset, High- 
er magnification of epithelioid malignant mel- 
anoma cells in the conjuctiva (hematoxylin- 
eosin, original magnification x 160). 


The tumor contained nine mitotic fig- 
ures in 40 high-power fields. There 
was no evidence of a “ring” melanoma. 
Tumor cells were scattered throughout 
the trabecular meshwork. The superi- 
or iris leaflet contained a surgical colo- 
boma with an overlying inner corneal 


lamellar resection (trabeculectomy 
site) (Fig 4). The tumor cells had 
spread into the trabecular meshwork 
and the root of the iris near the trabe- 
culectomy site. Tumor cells had perco- 
lated through the trabeculectomy site 
into the substantia propria of the con- 
junctival bleb (Fig 5). The retina and 
optic nerve displayed marked glauco- 
matous atrophy. The diagnosis was 
malignant melanoma of the iris, mixed 
cell type, with tumor infiltration at the 
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trabeculectomy site and secondary 
glaucoma. 


COMMENT 


Iris melanomas are rare, accounting 
for only 3% to 17% of all uveal melano- 
mas.’ Even these figures are proba- 
bly high, according to a recently devel- 
oped classification scheme that 
suggests that many lesions that were 
previously categorized as iris melano- 
mas were probably nevi.” According to 
this scheme, our patient had a mixed 
spindle and epithelioid cell melanoma 
of the iris. Iris melanoma is associated 
with a relatively favorable prognosis, 
as shown in a recent review that re- 
ported only 38 cases in the literature in 


which death was attributed to iris mel- 
anoma”™; this figure may be overesti- 
mated as autopsies were not per- 
formed in most instances. Early 
clinical recognition and the relatively 
small tumor mass of iris melanomas 
compared with choroidal melanomas’ 
may play a role in its favorable progno- 
sis; however, iris melanoma may have 
intrinsic properties that are every bit 
as lethal as melanoma found elsewhere 
in the uveal tract.” Iris melanoma cell 
type may be as important a prognostic 
sign as in choroidal and ciliary body 
melanomas." The confined nature of 
the anterior chamber may limit the 
growth of iris melanoma. The proposed 
mechanism of egression of iris melano- 
ma is via the trabecular meshwork and 
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lemm’s canal, 
‘Glaucoma has been previously docu- 
mented to occur in some cases second- 
-ary to iris nevi or melanomas.'*** 
Mechanisms of glaucoma in these cases 
“include outflow obstruction at the level 
-of the trabecular meshwork by nevus 
i cells, melanoma cells, or pigment-lad- 
en macrophages; angle closure; and 
-rubeosis.""" A trabeculectomy can 
-successfully reduce pressure in eyes 
with glaucoma secondary to iris nevi 
that are unresponsive to antiglaucoma 
~medications.*’ In addition, the trabe- 
culectomy specimen, including the por- 
-tion of iris removed during the iridec- 
-tomy and the portion of the trabecular 
- meshwork, may be submitted for his- 
topathologic evaluation. Doing so in 
- our case may have helped to determine 
-whether the iris lesion was benign at 
the time of trabeculectomy; however, 
-at the time of trabeculectomy, the iris 
- mass had not enlarged for 10 years and 
“there was no clinical suspicion of 
melanoma. 
_ . Extension of iris melanoma beyond 
„the anterior chamber and metastatic 
-disease have been attributed to trau- 
~ma, both surgical and accidental?’ 
- Although extraocular spread of iris 
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2 melanoma in peveral previous reports | 
has been attributed to glaucoma filter — 


surgery," the histologic evidence of 
tumor cells actually exiting the eye via 
a guarded filter (trabeculectomy) re- 
ported herein has not been cited previ- 
ously, to our knowledge. In a review of 
7 patients who died of metastic iris 
melanoma, Sunba and coworkers’ do- 
cumented 1 instance of extraocular 
spread of the iris melanoma through a 
full-thickness, unguarded glaucoma 
surgical wound (Scheie procedure). 
Extraocular extension of an iris mela- 
noma through a surgical wound from 
another full-thickness glaucoma proce- 
dure (iridencleisis) has also been de- 
scribed.” Another previously pub- 
lished report was that of a diffuse iris 
melanoma in an eye that had previous- 
ly undergone a trabeculectomy with 
evidence of extraocular extension via 
communicating vessels in the sclera.” 
Arentsen and Green” reported 2 tu- 
mor-related deaths in 72 patients with 
malignant melanoma of the iris. Both 
patients who died had previously un- 
dergone trephine operations, although 
histologic examination failed to dis- 
close tumor extension via the filter. 
Our case emphasizes the utility of 
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-fine-needle aspiration cytologic e exami- 7 
nation of the aqueous. fluid in the eval- 


uation of: pigmented i iris lesions. Cyto- — 
pathologie techniques have been 
shown to be useful in the diagnosis of a 
variety of iris lesions, including inflam- 


matory pseudotumor,”” metastatic 
carcinoma,” juvenile xanthogranu- 


loma,”’* leukemic involvement, n= met- 
astatic melanoma,” and primary mel- 
anoma.*” There is apparently no risk 
of seeding iris melanoma as a result of 
a properly performed fine-needle aspi- 
ration biopsy,’ and a cytologic diagno- 
sis can help the clinician assess the risk 
of intraocular surgery. Our patient had 
a history of a nonenlarging pigmented 
lesion of the iris for 10 years that was 
thought clinically to represent a nevus. 
It is uncertain whether the glaucoma 
surgery influenced the tumor growth 
or if some change in the tumor (ie, 
conversion of nevus to melanoma) was 
related to the presence of glaucoma. — 
Finally, our case shows conclusively 
that iris melanoma cells can exit the 
eye at a trabeculectomy site. = 
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A ‘he Utility of Routine Screening of Patients With Uveitis 


for Systemic Lupus Erythematosus or Tuberculosis 


A Bayesian Analysis 







ications for many laboratory 
atients with uveitis are contro- 
Bayes’ theorem allows a mathe- 
approach to the assessment of 
- the utility of a laboratory test based on 
-the sensitivity of the test, the specificity 
-of the test, and the pretest likelihood that 
: the disease the test is intended to identi- 
- fy is present. We have utilized Bayes’ 
theorem to assess the utility of routine 
: uclear antibody and purified protein 
-derivative testing in patients with uveitis. 
Based on published data about the sen- 
-sitivity and specificity of each of these 
+ tests, as well as the prevalence of sys- 
lupus erythematosus and tubercu- 
among patients with uveitis, we 
ated that a patient with uveitis and 
@ antinuclear antibody test re- 
less than a 1% chance of having 
| upus erythematosus and that a 
-patient with uveitis and a positive puri- 
“fied protein derivative test result has a 
-1% likelihood of having tuberculosis. 
_ These low probabilities mean that neither 
test is useful in the routine evaluation of 
-patients with uveitis, and indiscriminate 
use may lead to improper diagnosis, in- 
-creased costs, and, occasionally, inap- 
opriate therapy. 
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àting patients with uveitis, 
agnostician must consider that 
list of infections, autoim- 
5, mic diseases, distinctive oc- 
nee inflammatory conditions, and mas- 
querade syndromes may all cause 
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uveal inflammation. Despite this array 
of potential diagnoses, roughly 30% of 
patients with uveitis have disease that 
is idiopathic or defies categorization 
into one of these causative groups. '” 

To establish the cause of uveitis, 
many clinicians employ a battery of 
tests, including the antinuclear anti- 
body (ANA) assay and the intermedi- 
ate-strength purified protein deriva- 
tive (PPD) Mantoux skin test in the 
examination of adult patients with uve- 
itis. The likelihood that a diagnosis is 
correct on the basis of a particular test 
result is known as the posttest proba- 
bility. This likelihood can be mathe- 
matically derived if one knows the 
sensitivity and specificity of the test as 
well as the pretest probability that the 
disease is present. The formulation for 
this calculation is known as Bayes 
theorem. With the use of sensitivity, 
specificity, and pretest probability 
data, we applied Bayes’ theorem to 
assess the utility of routine ANA test- 
ing for systemic lupus erythematosus 
(SLE) and routine PPD testing for 
tuberculosis (TB) in the evaluation of 
uveitis. We found that the positive 
predictive value for either test is too 
low to justify routine screening of all 
adult patients with uveitis. 


METHODS 
Definition of “Positive” 
Test Result 


Results of diagnostic tests are considered 
positive or abnormal if they are above a 
predetermined cutoff point, usualy se- 
lected to allow an optimal separation be- 
tween disease and nondisease populations. 
For the ANA assay, an appropriate cutoff 
point is one above which only 2% to 5% of 
healthy young adults would be considered 
to have positive results, although falsely so. 
For the PPD test, 10 mm of induration has 
been the standard cutoff pomt. Although 
both ANA and PPD test results are ex- 
pressed over a continuous range of normal 
and abnormal values, we treated them as 
categorical variables for the purposes of our 


analysis. However, we emphasize that de-. - 
grees of normality or abnormality should be _ 
considered by the diagnostician in the as- | 
sessment of the likelihood of disease in ~ 
individual patients. ie 


Sensitivity of ANA Testing for SLE 


The sensitivity of a test is defined as that. - 
percentage of subjects with a given disease 


who „pave a positive result, ie, true posi- _ 


tive.’ Using a cutoff point above which only - 
2% to 5% of young healthy subjects test 
falsely positive, the ANA assay has a sensi — 
tivity of 95% for SLE.” We are not aware of - 
any data nor is there any theoretical basis — 
to suggest that sensitivity is different in the 
subgroup of patients with SLE who have 
uveitis. 


Specificity of ANA Testing for SLE 
The specificity of a test is defined as that 


percentage of subjects without the disease ~~ 


who have an appropriately negative result, 
ie, true negative. Specificity is dependent. 
on the nondisease group of subjects consid- 
ered. When applied to healthy young 


adults, the specificity of the ANA assay is 


96% to 99%." For the healthy elderly,’ 
however, and for patients with rheumatoid 
disease,” this value falls to 85% to 90% and 
60% to 70%, respectively. We reviewed 


three studies to estimate that approximate- 5y 
ly 15% of patients with uveitis but without 


SLE have a positive AN A test result; thus, - 


the To in this setting is 85%. Ep- ae. 


stein et al’ demonstrated by radioimmuno-— 
assay that 24% of patients with uveitis had ‘i 
antibody levels to double-stranded DNA 


that exceeded those found in controls. Rahi 
reported a positive ANA test result. — 


et al” 
at a titer that excluded 96% of healthy | 
subjects i in 28% of 104 patients with uveitis N 
of various forms. In contrast, Kijlstra etal? — 
found the prevalence of a positive ANA did 
not differ in uveitic patients vs controls. 


Prevalence of SLE ina 
Uveitic Population 


In a series of 600 patients with uveitis | 
examined at the University of Southern 
California,” 172 patients examined in Iowa,” 
and 446 patients treated by one of us 
(LT.R.) at the Oregon Health Sciences : 


University, Portland (many of whom have ~~ 
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been previously described’), SLE was not 
found or was not explicitly reported. How- 
ever, the disease clearly can cause uveitis.” 
Based on these data, we estimated a preva- 
lence of SLE of 0.1% among patients with 


uveitis. 


Sensitivity of PPD Testing for 
Tuberculous Uveitis 


Using a cutoff point of 10 mm of indura- 
tion, in two studies 75% to 80% of patients 
with documented active TB had positive 
tests results with a stabilized intermediate- 
strength PPD preparation.” In a retro- 
spective study of patients with tuberculous 
uveitis, 67% of patients had positive re- 
sults,” but results were based on measure- 
ments made by the patients themselves and 
thus may be unreliable. Based on the data 
in these three studies, we have chosen a 
sensitivity of 75%. 


Specificity of PPD Testing for 
Tuberculous Uveitis 


In two large studies of apparently 
healthy adults, 12% and 18% of subjects 
developed induration of at least 10 mm, 
signifying previous infection presumed to 
be inactive.’ Similarly, 12% of patients 
with pulmonary disease but without active 
TB had positive test results." Thus, if PPD 
is used to test for active TB, approximately 
15% of adults will be have false-positive 
results, for in a specificity of 85%. In a 
nontuberculous uveitic population, several 
causes of uveitis, such as human immunode- 
ficiency virus infection and sarcoidosis, are 
associated with anergy, resulting in a lower 
frequency of PPD positivity. However, the 
prevalence of human immunodeficiency vi- 
rus infection and sarcoidosis among patients 
with uveitis are not sufficient to alter signif- 
icantly the estimated specificity of 85%. 


Prevaience of TB in a Uveitic Population 


We estimated the prevalence of TB as a 
cause of uveitis on the basis of the same 


Fig 1.—The posttest probability of systemic lupus erythematosus 
(SLE) if the antinuclear antibody test result is positive is calculated as 
the number of true-positive results divided by the number of true- 
positive results plus false-positive results. In this example, this trans- 


lates to 0.95/(0.95 + 150) =0.6% 


1000 Patients With Uveitis 
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three published. studies noted above in re- 
gard to SLE.” This experience includes 
one patient of 600 in the southern California 
series and one patient in our own experi- 
ence, or approximately ong in 500. We used 
0.2% as an approximation of this preva- 
lence. The rarity of TB as a cause of uveitis 
is further demonstrated by a recent report 
in which only two of 350 patients with 
extrapulmonary TB had uveitis.’ 


Caiculation of Posttest Probability 


To calculate the posttest probability for a 
given diagnosis, we used the standard form 
of Bayes’ theorem,” which is stated as 
follows: 

posttest probability = pretest probability 

x sensitivity/{(pretest probability 
x sensitivity) + [(1 — pretest 
probability)(1 — specificity) }, 
where the pretest probability is equal to the 
prevalence. 


Sensitivity Analysis 


Although the assigned values for sensi- 
tivity, specificity, and prevalence are based 
on published experience, they represent 
mean values that may vary because of 
differing populations, statistical limitations, 
or both, thereby resulting in altered predic- 
tive values for routine testing. Therefore, 
the values assigned to the variables that 
determined posttest probability were var- 
ied, and the calculations for posttest proba- 
bilities were repeated. 

Test Sensitivity, —The assumed sensitiv- 
ity of both tests in this report is based on 
published experience with large numbers of 
patients with SLE or TB. We do not believe 
that sensitivities would differ for the subpo- 
pulations with uveitis. More important, at 
very low prevalence rates, sensitivity of the 
test contributes minimally to posttest likeli- 
hcod. Therefore, sensitivity analysis was 
net applied to this variable. 

Test Specificity. —The specificity for the 
ANA assay was varied from 75% to 95% 
besed on the discrepant results in the pub- 


lished literature."*" Reichman and O'Day” 
demonstrated that the specificity of the 
PPD test for active TB was 92% in whites 
compared with only 76% in nonwhites.” 
Nineteen percent of individuals aged 60 to 
68 years had positive test results compared 


with only 6% in the 20- to 29-year-old age 


group. For subjects in the highest socioeco- 
nomie class, the specificity was 94%: be- 
cause of an increased prevalence of previous 
infection, however, this figure fell to 78% 
for those in the lowest socioeconomic class. 
(The prevalence would be inversely propor- 
tionate to specificity in these cases, but for 
the sake of clarity, each variable was varied 
independently.) Therefore, the specificity 
for PPD testing was varied from 75% to 
95%. 

Disease Prevalence.— As noted above in 
regard to specificity, disease prevalence 
may vary in subpopulations. For example, 
the pretest likelihood of TB is higher in 
nonwhites or in older subjects. (However, 
the corresponding specificity in these sub- 
groups would be lower; these two changes 
would affect the posttest probabilities in 
opposite manners and would tend to neu- 
tralize each other.) In addition, our esti- 
mates of prevalence are based on very small 
numbers of patients with SLE or TB uveitis 
described in the literature. Given the ab- 
sence of SLE in 1000 cases of uveitis, there 
is a 99% likelihood that its prevalence is no 


Specificity of 


ANA, % 
Prevalence of pamaenna Sorreraren, 
SLE, % 85 95 


0.4 0.6 1.9 
3.7 6.0 16 


* A sensitivity of 95% was used for all calculations. 
Values represent the percent likelihood that systemic 
lupus erythematosus (SLE) was the cause of uveitis, 
given a positive antinuclear antibody (ANA) test 
result. 





Fig 2.—The posttest probability of tuberculosis (TB) if the purified 
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True-positive Rate 


Sensitivity=75% 
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protein derivative is positive is equal to the number of true-positive 
results divided by the number of true-positive results plus the num- 
ber of false-positive results. In this example, this translates to 1.5 
true-positive results/1.5 true-positive results+150 false-positive 
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Specificity of 
PPD, % 
grenann unana, 


75 85 95 


0.6 1.0 2.9 
2.9 4.8 13 


-* A sensitivity of 75% was used for all calculations. 
Values represent the percent likelihood that tubercu- 
losis (TB) was the cause of uveitis, given a positive 
purified protein derivative (PPD) test result. 


-Prevalence of 


greater than 1%.” For TB, we arbitrarily 
_chose an upper limit for prevalence of 1%, a 
- value fivefold over the baseline assumption. 
-Lower limits were not employed because 
no were extremely low. 


RESULTS 
redictive Value of ANA Testing for SLE 





ks shown in Fig 1, a patient with 
uveitis and a positive ANA test result 
~ has approximately one chance in 160 of 
having SLE. A negative test result 
indicates a probability of SLE of one in 
16 000 (caleulation not shown). 

At a prevalence of 0.1% for SLE, 
the posttest probability increases only 
to approximately one chance in 50 
when the specificity of the ANA test is 
assumed to be 95% (Table 1). If the 
-prevalence is increased 10-fold to 1%, 
the posttest likelihood of SLE remains 
range, 3.7% to 16% for ANA test 
€ ificities of 75% to 95%). 


Predictive Value of PPD 
for Tuberculous Uveitis 








~ The posttest probability of a tuber- 
culous cause of uveitis is 1% for a 
patient with uveitis and a positive PPD 
test result (Fig 2). If the test result is 
negative, the likelihood falls from 0.2% 
to 0.06% (calculation not shown). 

After a positive PPD test result has 
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been obtained, the probability of a 
tuberculous cause of uveitis rises to 
only 2.9% at a specificity of 95%; if the 
prevalence is 1%, however, the likeli- 
hood increases to 13% (Table 2). 


COMMENT 


The results of this analysis clearly 
show that routine ANA and PPD test- 
ing of patients with uveitis is not ap- 
propriate because of very low predic- 
tive accuracy for the diagnoses of SLE 
and TB, respectively. Both tests are 
reasonably sensitive and specific, but 
because pretest probabilities of these 
two causes of uveitis are very low, the 
vast majority of positive test results 
are false-positive. Negative results are 
usually true-negative, but they add 
little because the likelihood of each 
disease is extremely low before test- 
ing. These conclusions hold over 
ranges of specificity and prevalence 
that may occur in different settings, as 
demonstrated by our sensitivity ana- 
lyses as indicated in the two tables. In 
the theoretical case of a population 
with a 1% prevalence of TB and a 95% 
specificity for PPD testing, a posttest 
probability of 13% may justify testing, 
followed by an empiric trial of antitu- 
berculous therapy for those with posi- 
tive test results. However, we would 
predict that the actual PPD test speci- 
ficity and corresponding positive pre- 
dictive value would be lower in such a 
population with higher prevalence and 
thus do not recommend screening un- 
less such a group can be defined. 


We have not addressed the issue of 


testing individual patients with higher 
pretest disease likelihoods. In these 
situations, predictive accuracies are 
much higher and justify testing. Cer- 
tainly, ANA testing is indicated for the 
rare patient with uveitis who has fea- 
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the various manifestations of dry eye can lead to successful management in the majority of cases. 

The System For Ocular Surface Disease™ enables you to recommend the most appropriate 
product based on clear guidelines to provide for safe dry eye management and patient comfort, and 
to help maintain corneal and conjunctival health. Severity of symptoms, signs, frequency of 
application and other factors are used to determine which ophthalmic lubricant is the most 
appropriate one for each patient 
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for ophthalmology’s most frequently purchased products. 


ment and STORZ pharmaceuticals. As a member ee 
of the STORZ SPIRIT program, each time you 
purchase a STORZ product you will be awarded 
bonus points good for STORZ ophthalmic prod- 
ucts. The more products you buy, the more points 
you earn—and the more STORZ products 

you can obtain * 


So catch the new STORZ SPIRIT. 
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Purchases of STORZ/Coburn intraocular lenses, Lederle Pharmaceuticals, and PREMIERE disposable packs will STORZ OPHTHALMICS, INC. 
not earn points, although points can be redeemed for PREMIERE disposable packs. Program subject to change 
or cancellation by STORZ at any time with 30 days notice to members. Void where prohibited, offer valid in WE'RE WITH YOU ALL THE WAY IN OPHTHALMOLOGY. 


United States. Call 1-800-325-9500 to order today. 
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should be used with caution in patients with diabetes (especially labile diabetes) because of possible 
masking of signs and symptoms of acute hypoglycemia. 

Beta-adrenergic receptor blocking agents may mask certain signs and symptoms of hyperthyroidism, 
and their abrupt withdrawal might precipitate a thyroid storm. l 
- Beta-adrenergic blockade has been reported to potentiate muscle weakness consistent with certain 
myasthenic symptoms {e.g., diplopia, ptosis, and generalized weakness). 
__ Risk of anaphylactic reaction: While taking beta-blockers. patients with a history of severe an be 
tic reaction to a variety of allergens may be more reactive to repeated challenge, either accidental, diag- 
sere or neers: Such patients may be unresponsive to the usual doses of epinephrine used to treat 
allergic reaction. 
Drug interactions: OPTIPRANOLOL™ Ophthalmic Solution shouid be used with caution in patients who 
` are receiving a beta-adrenergic blocking agent orally, because of the potential for additive effects on 

. Systemic beta-biockade. l 
< Close observation of the patient is recommended when a beta-blocker is administered to patients 
j a a emne dope drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. 

_ Caution should be used in the coadministration of beta-adrenergic receptor board agents, such as 
metipranatol, and oral or intravenous calcium channel antagonists, because of possible precipitation of 
left ventricular failure, and hypotension. in patients with impaired cardiac function, who are receiving 
calcium channel antagonists, coadministration should be avoided. 
` The concomitant use of beta-adrenergic receptor blocking agents with digitalis and calcium channel 
antagonists may have additive effects, prolonging arterioventricular conduction time. 

Caution should be used in patients using concomitant adrenergic psychotropic drugs. 
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Prevention of Retinal Vessel Changes Associated 
With Diabetic Retinopathy in Galactose-Fed 
Aia by Aldose Reductase Inhibitors 






=~ -e Vascular changes associated with 
early diabetic retinopathy that include the 
selective degeneration of pericytes, the 
formation of microaneurysms and acellu- 
lar capillaries, and vessel dilation have 
been experimentally investigated in age- 
and sex-matched beagle dogs fed a 30% 
galactose diet and treated with or without 
the aldose reductase inhibitors sorbinil 
and/or M79175. Eyes from dogs in each 
-` group were periodically enucleated during 
-a 36-month period and their retinal capil- 
< Jaries were examined as trypsin-digested 
i: preparations. These studies reveal 
the destruction of retinal pericytes to 
: rm pericyte ghosts is the earliest observ- 
able retinal vessel change occurring after 
` 19 to 21 months of galactose feeding. By 
24 months, both an irregular distribution of 
endothelial cell nuclei near pericyte 
ghosts and the presence of acellular cap- 
illaries containing neither endothelial cellis 
nor pericytes can be observed. This was 
followed by the histologic appearance of 
microaneurysms after 27 months and the 
. funduscopic appearance of intraretinal 
-hemorrhages after 33 months. Varicose 
enlargements of capillaries were also ob- 
rved in the trypsin-digested prepara- 
ns from dogs fed galactose for 33 to 36 
- months. All of these changes are linked to 
the initial aldose reductase-associated 
-destruction of pericytes. The onset and 
progression of these retinal changes were 
retarded in a dose-dependent manner with 
aldose reductase inhibitors. 
{Arch Ophthaimol.  1990;108:1301- 
1309) 
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Visual loss associated with diabetic 
retinopathy occurs in a substantial 
proportion of the diabetic population. 
In its early stages this disease is char- 
acterized by vascular changes of the 
retinal capillary bed that include the 
formation of microaneurysms, exu- 
dates, macular edema, and small in- 
traretinal hemorrhages. A distin- 
guishing feature of these early 
vascular changes is the selective de- 
generation of pericytes (mural cells) 
from retinal capillaries to form ghost 
cells, thus leaving only the endothelial 
cells intact.: It has been proposed that 
these pericytes, which encircle the en- 
dothelial cell vessels with their long, 
cellular processes, regulate vessel 
tone; moreover, their subsequent loss 
is associated with vessel dilation and 
the formation of microaneurysms.’ 





See also pp 1229 and 1234. 





The dog has been demonstrated to be 
an appropriate experimental animal 
model for the study of diabetic retinal 
vascular disease since this animal 
model forms background retinopathy 
similar to that observed in humans. 
These changes, which include the for- 
mation of microaneurysms, acellular 
vessels, exudates, and pericyte ghosts, 
occur in both the alloxan-induced dia- 
betic dog? and in the galactose-fed 
dog.’ The role of aldose reductase in 
diabetic retinopathy has been investi- 
gated in age- and sex-matched beagle 
dogs fed a 30% galactose diet with or 
without the aldose reductase inhibi- 
tors sorbinil and/or M79175. In 
studies of intact retinal vessels iso- 
lated by trypsin digestion from these 
dogs, pericyte ghost formation has 
been observed to be the initial retinal 
vessel change that occurs after 19 to 21 


Aldose Reductase Inhibitors—-Kador et al- 


months of galactose feeding. In addi- a 


tion, many of the capillaries contain- 
ing pericyte ghosts frequently demon- =- 
strate a proliferation of endothelial 
cells. However, abnormal retinal find- 
ings were not observed in similar dogs 
fed either a normal control diet or 30% = 
galactose while concomitantly receiv- = 
ing aldose reductase inhibitors for up `. 
to 24 months. These results indicate 


that the degeneration of retinal peri- 
cytes is linked to aldose reductase ac- 


tivity in these cells, and that this ini- 
tial pathologic change of the retinal 


vessels occurs prior to clinical signs of 
retinopathy. 
The observation that the selective 


destruction of pericytes is linked tothe — g 


aldose reductase-initiated polyol for- 


mation is consistent with other histo- Ai 
logic and biochemical data. Aldose re- © 


ductase has been immunohistochemi- 


cally demonstrated to be present in the a 
pericytes but not in the endothelial — 
cells of retinal vessels isolated by gen- 


tle trypsin digestion from either 


human‘ or dog’ retina. Its enzymatic ve 
activity has been demonstrated in cul- > 


tured human, dog, and cattle retinal 


pericytes in which the cellular produc- a 
tion of polyol can be inhibited by the 


presence of the aldose reductase 


inhibitors.*'? Moreover, the involve- ` > 


ment of aldose reductase-initiated 


polyol accumulation in this pathologie 


process is indicated by the fact that 


retinal disease similar to that ob- — = 


served in humans occurs in both dia- 
betic and galactose-fed dogs, and that 
its onset is more rapid with galactose 
feeding. To further investigate the re- 


lationship between aldose reductase ae 
and the progression of retinopathy, 


the previously reported prevention 


study’ of age- and sex-matched beagle — r 


dogs fed a diet containing 30% galac- 
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Fig 1.—Progression of retinal changes in intact 
retinal vessel preparations from galactose-fed 
dog, isolated by trypsin digestion, mounted on 
gelatin-coated slides, and stained with periodic 
acid-Schiff-hematoxylin. A illustrates the ap- 
pearance of retinal capillaries from a dog fed 
the normal chow in which the pericytes and 
endothelial cells are normally distributed (orig- 
inal magnification X825). B, C, D, F, and G 
demonstrate typical changes observed in un- 
treated, galactose-fed dogs. B, Retinal 
changes from a dog fed galactose for 24 
months illustrates that the first visible change 
in retinal vessels is the presence of pericyte 
ghosts (G) and the apparent proliferation of 
endothelial cells (arrows) (original magnifica- 
tion X825). C, Retinal changes from a dog fed 
galactose for 24 months shows acellular ves- 
sels as well as pericyte ghosts (G) (original 
magnification X925). D illustrates the appear- 
ance of microaneurysms after 27 months of 
galactose feeding (original magnification 
X570). These microaneurysms become mark- 
edly enlarged as illustrated in F (original mag- 
nification X310) and appear to degenerate in 
G (original magnification X125). H illustrates 
the appearance of varicose enlargements 
(original magnification X325). E epitomizes the 
appearance of intraretinal hemorrhages in fun- 
dus photographs from dogs fed galactose for 
33 to 36 months. 
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Fig 2.—Saccular microaneurysms in various stages of development in isolated retinal vessels from 
dogs (periodic acid-Schiff and hematoxylin). A, four pericyte ghosts with a focal accumulation of 
endothelial cells and acellular vessels are illustrated. B, The initial stages of microaneurysm for- 
mation can be observed as the rapidly proliferating endothelial cell nuclei in the central capillary 
appear smaller, rounder, and more densely stained with hematoxylin, while the capillary wall sur- 
rounding these cells displays increased periodic acid-Schiff staining. No normal pericytes are 
present in the central capillary. C, Endothelium nuclei are increased and the capillary demonstrates 
mild ballooning, which increases in D and E. F, A slight narrowing of the capillary containing the 
microaneurysms can be seen. G, A typical microaneurysm containing polymorphonuclear leuko- 
cytes is illustrated. H, The cellular density of the microaneurysm is increased and one side of its 
capillary is strandlike (A through H, original magnification X400). 


Fig 3.—Varicose enlargements (tubular microaneurysms) in various stages of development in 
isolated retinal vessels from dogs (periodic acid-Schiff and hematoxylin). A, A tubular prolifera- 
tion of endothelial cell nuclei with increased periodic acid-Schiff staining of the capillary wall is 
illustrated. These progress in B to form the varicose enlargements shown in C. These changes were 
only observed in capillaries from the central part of the retina (A through C, original magnification 
X400). 
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tose and treated with the aldose re- 
ductase inhibitors sorbinil and M79175 
has been extended to 36 months and 
broadened to include galactose-fed 
dogs concomitantly treated with sev- 
eral doses of these aldose reductase 
inhibitors. 


MATERIALS AND METHODS 
Dogs 


Following preliminary slit-lamp and fun- 
duscopic examinations, 75 9-month-old 
male beagle dogs (Marshall Farms USA 
Inc, North Rose, NY) were randomly di- 
vided into five equal groups. Dogs were in- 
dividually housed in 0.9 X 2.7-m runs and 
fed a daily diet (Bioserve, Frenchtown, NJ) 
consisting of about 450 g of standard dog 
chow containing either 30% nonnutrient 
filler (control diet) or 30% galactose (ga- 
lactose diet). One group of galactose-fed 
dogs served as the untreated group while 
the other groups received either the aldose 
reductase inhibitor sorbinil (S-6-fluorospi- 
rochroman - 4-5’ - imidazolidine - 2’,4’ - di- 
one), M79175 (2 - methyl - 6 - fluorospiro- 
chroman-4-5'-imidazolidine-2’,4’-dione), or 
a combination of both. The mean weight 
(+SD) of dogs in the control group un- 
treated galactose-fed group, sorbinil- 
treated group, low-dose M79175-treated 
group, and high-dose M79175-treated 
group 6 months after the onset of the study 
was 12.3 + 1.3, 12.7419, 11.9 + 1.2, 
12.9 + 1.8, and 11.4 + 1.6 kg, respectively, 
while after 36 months the mean weights for 
these groups and the high-dose M79175- 
sorbinil treated group were 15.4 + 2.6, 
15.6 + 4.0,14.8 + 2.3,17.9 + 35,15.4 + 4.8, 
and 14.2 + 2.5 kg, respectively. There was 
no significant difference between group 
weights at any time interval examined. 


Aldose Reductase Inhibitors 


Sorbinil was supplied as 125-mg and 250- 
mg tablets by Pfizer Central Research, Gro- 
ton, CT, while M79175 was supplied in cap- 
sule form by Eisai Co Ltd, Tokyo, Japan. 
The amounts of M79175 were annually ad- 
justed based on the mean weight of the dogs 
in each group (mean group dose). All dogs 
in the aldose reductase inhibitors~desig- 
nated groups received inhibitors for 3 days 
prior to the initiation of the 30% galactose 
diet, and inhibitor administration contin- 
ued throughout the duration of the study, as 
outlined below. All inhibitors were admin- 
istered orally, with each dose consisting of 
either a single capsule of M79175 or a sin- 
gle 250-mg tablet of sorbinil, while higher 
doses of sorbinil or the combination of 
inhibitors were administered in veterinary 
grade No. 13 gelatin capsules. Dogs were 
routinely monitored for drug regurgitation 
approximately 1 hour after inhibitor ad- 
ministration. 

The aldose reductase inhibitor-treated 
groups received the following dosages: 

Sorbinil Group.—Sorbinil tablets (250 mg 
and 125 mg) were initially administered at 
a single daily dose of 625 mg 1 hour prior to 
feeding. After 4 months, the total weekday 
dose of sorbinil was increased to 875 mg 
_ administered in doses of 250 mg 1 hour be- 
fore feeding, 250 mg 1 hour after feeding, 


and 375 mg approximately 8 hours after 
feeding.” On weekends, each dog received 
1250 mg administered in doses of 625 mg 1 
hour before feeding and 625 mg approxi- 
mately 8 hours after feeding. 

Low-Dose M79175 Group.—M79175 was 
initially administered at a mean group dos- 
age of 0.5 mg/kg 1 hour before feeding. Af- 
ter 5 months, the weekday dose was doubled 
to 1.0 mg/kg, with one half administered 1 
hour before feeding and the other half ad- 
ministered approximately 8 hours after 
feeding.” On weekends, low-dose M79175 
was administered as a single dose of 0.5 
mg/kg 1 hour before feeding. 

High-Dose M79175 Group.— Higher levels 
of M79175 were administered on weekdays 
at a mean group dosage of 5.0 mg/kg ad- 
ministered as three equal doses 1 hour be- 
fore feeding, 1 hour after feeding, and 
approximately 8 hours after feeding. On 
weekends, 4.0 mg/kg of M79175 was admin- 
istered as two equal doses 1 hour before 
feeding and 8 hours after feeding. This 
group of 15 dogs was added to the overall 
study after 9 months. 

M79178-Sorbinil Group.— After 26 
months, eight dogs were separated from the 
high-dose M79175 group and in these dogs 
each daily high dose of M79175 was supple- 
mented with 250 mg of sorbinil (750 mg/d 
on weekdays and 500 mg/d on weekends). 

Clinical blood chemistry profiles showed 
no apparent adverse effects related to al- 
dose reductase inhibitor administration. 
These profiles included determinations of 
complete blood cell counts with differential, 
serum triiodothyronine, thyroxine, glucose, 
serum urea nitrogen, creatinine, sodium, 
potassium, chloride, calcium, phosphorus, 
uric acid, total proteins, albumin, globulin, 
aspartate aminotransferase, alanine ami- 
notransferase, y-glutamyl transpeptidase, 
alkaline phosphatase, lactate dehydrogena- 
se, total bilirubin, direct bilirubin, triglye- 
erides, cholesterol, glycohemoglobin, and 
hemoglobin Ac. No difference in glycosy- 
lated hemoglobin levels between untreated 
and treated galactose-fed dogs was ob- 
served. 

At predetermined periods, dogs from 
each group were randomly selected for uni- 
lateral eye enucleation performed asepti- 
cally using a transpalpebral technique.” 
After all dogs underwent unilateral enucle- 
ation, the second eye was obtained from 
randomly selected dogs after being killed 
with a mixture of sodium pentobarbital and 
sodium phenytoin (Beuthanasia-D, Scher- 
ing Corp, Kenilworth, NJ). 


Blood Galactitol Determinations 


A known aliquot of the internal standard 
methyl mannoside was added to 5 mL of 
whole blood and the mixture was then sub- 
jected to barium hydroxide-zinc sulfate 
extraction.” The extracted sugars were de- 
rivatized with Tri-Sil ‘Z’ (Pierce, Rockford, 
lil) and evaluated by gas-liquid chromatog- 
raphy on a Shimadzu GC 15A capillary sys- 
tem (Shimatzu Corp, Kyoto, Japan) 
equipped with a 15-mol/L methyl silicone 
capillary column (Quadrex Corp, New Ha- 
ven, Conn). 
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Preparation of Retinal Vessels 


Retinal vessels were prepared as previ- 
ously described.‘ The enucleated eyes were 
immediately immersed in 4% paraformal- 
dehyde dissolved in 0.1-mol/L. phosphate 
buffer, pH 7.4, and the anterior segment 
(lens, cornea, and iris) was removed. After 
a d-hour fixation the sclera was removed 
and an incision was made between the cil- 
iary body and retina. The retina was then 
carefully separated from the choroid, the 
optic nerve was cut behind the retina, and 
the intact retina was removed. Following a 
5- to 7-day fixation in the paraformalde- 
hyce solution, the intact isolated retinas 
were washed with phosphate buffer and di- 
gested with gentle agitation at 37°C for 10 
to 20 minutes with 3% trypsin (Difco 1:250, 
Difco Laboratories, Detroit, Mich) in 
0.i-mol/L TRIS buffer, pH 7.8. The isolated 
intact retinal vascular tissues were then 
plaeed on 1% gelatin-coated glass slides 
and a single inferior sagittal incision cor- 
responding from the 6 o’clock region to the 
optic nerve head was made so that each 
preparation could lie flat. The preparations 
were then air dried, washed with deionized 
water, and stained with periodie acid- 
Schiff-hematoxylin (Sigma Chemical Co, St 
Louis, Mo; 10 minutes each). The stained 
retinal vessels were dehydrated with 
graded ethyl alcohol solutions (50%, 75%, 
8%, 95%, and 100%), immersed (three 
times) in xylene, and mounted with Per- 
mount (Fisher Scientific Co, Fairlawn NJ). 

All stained preparations were indepen- 
dently evaluated by two investigators in a 
masked fashion. Detection of pericyte 
ghosts was limited to capillary vessels in 
the midregion of the retina, defined as the 
area between 1 disc diameter from the op- 
tic dise and 1 dise diameter from the ora 
serrata. Eyes were considered positive for 
the presence of pericytes when the presence 
of at least one pericyte ghost was indepen- 
dently detected by investigators in the de- 
fined midregion of the retina. Statistical 
calculations of the incidence data were con- 
ducted by comparing each inhibitor-treated 
group with the untreated galactose-fed 
group as described by Thomas." 


RESULTS 
Galactose-Fed Dogs 


The intact retinal vasculature from 
the eyes of young beagle dogs fed a 
30% galactose diet for up to 36 months 
was isolated by careful dissection and 
trypsin digestion and stained with pe- 
ricdic acid-Schiff and hematoxylin. 
Histologic examination of these ves- 
sels revealed a progressive increase in 
pathologic changes, which are summa- 
rized in Fig 1. These changes begin 
with an initial degeneration of the 
pericytes to form pericyte ghosts as 
evicenced by the lack of nuclear stain- 
ing with hematoxylin. As previously 
reported,’ this progressive degenera- 
tive process appeared in the eye of one 
of two dogs after 19 months of galac- 
tose feeding and in all eyes of four un- 
treated galactose-fed dogs after 24 
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Fig 4.— Blood levels of the aldose reductase inhibitors at O, 2, 4, and 8 hours after the initial daily dose. Left, The serum levels 
of sorbinil in dogs receiving a total dose of 875 mg administered as 250 mg 1 hour before feeding (O hour), 250 mg 1 hour 
after feeding, and approximately 8 hours after feeding on weekdays. On weekends dogs received 1250 mg administered as 
625 mg 1 hour before feeding (O hour) and 625 mg approximately 8 hours after feeding. Right, The levels of M79175 in dogs 
receiving either 1.0 mg/kg per day (low-dose M79175) with one half administered 1 hour before feeding (0 hour) and the other 
half administered approximately 8 hours after feeding or 5.0 mg/kg (high-dose M79175) administered in three equal doses 
1 hour before feeding, 1 hour after feeding, and approximately 8 hours after feeding. On weekends, 4.0 mg of M79175 was 
administered in two equal doses 1 hour before and approximately 8 hours after feeding. 
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Fig 5.—The effect of aldose reductase inhibi- 
tor treatment on blood galactitol levels in dogs 
at O, 4, and 6 hours after daily feeding of a diet 
containing 30% galactose. 
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Fig 6.—Polyol production measured in the ad- 
renal glands of normal and galactose-fed dogs 
treated with and without the aldose reductase 
inhibitors for 30 to 36 months. Values repre- 
sent the mean (+ SEM) of 4 to 6 adrenal glands 
from dogs in each group. 


months. In addition to pericyte ghosts, 
retinal vessels from untreated dogs fed 
galactose for 24 months displayed a 
proliferation of endothelial cells in 
capillaries in which pericytes were lost 
(Fig 1, B) and a number of acellular 
capillaries with neither pericytes nor 
endothelial cells present (Fig 1, C). By 
27 months microaneurysms appeared 
in the eyes of one of three untreated 
galactose-fed dogs and this incidence 
increased to all eyes in untreated dogs 
fed galactose for 30 to 36 months. 
These initially appeared as small, sac- 


cular structures (Fig 1, D); however, 
the size and number of these microan- 
eurysms increased with the duration 
of galactose feeding. Examination of 
retinal vessels from dogs fed galactose 
for 33 months revealed that some mi- 
croaneurysms had become markedly 
enlarged (Fig 1, F) while others ap- 
peared to degenerate (Fig 1, G). At the 
same time limited fundus examina- 
tions through cataractous lenses re- 
vealed the appearance of intraretinal 
hemorrhages, the first clinical sign of 
early retinopathy in these dogs (Fig 1, 
E). After 33 to 36 months, many of the 
retinal capillaries also displayed vari- 
cose enlargements (Fig 1, H). 

The appearance of saccular mi- 
croaneurysms in various stages of de- 
velopment is illustrated in Fig 2. Ex- 
amination of these suggests that their 
formation is linked to endothelial cell 
proliferation, which is associated with 
pericyte ghosts. Similarly, the devel- 
opment of varicose enlargements (tu- 
bular microaneurysms, Fig 3) appears 
linked to endothelial cell proliferation. 
Microaneurysms did not occur in the 
absence of pericyte ghosts. 


Aldose Reductase Inhibitor-—Treated 
Dogs 


Similar investigations were also 
conducted with galactose-fed dogs con- 
comitantly treated with the hydantoin 
aldose reductase inhibitors sorbinil, 
an inhibitor currently being clinically 
evaluated for retinopathy, and its 
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Fig 7.—Histologic comparison of lenses from A, untreated; B, sorbinil-treated; C, low-dose 
M79175-;and D, high-dose M79175-treated galactose-fed dogs after 27 months of galactose 
feeding. Following fixation in 4% paraformaldehyde in 0.1-mol/L phosphate buffer, pH 7.4, the 
lenses were dehydrated in subsequent 50%, 70%, 85%, and 95% ethyl alcohol, embedded in 
methacrylate JB4 Embedding Kit (Polysciences Inc, Warrington, Pa), sectioned into 2.5-um sec- 
tions, and stained with toluidine blue (A through D, original magnification X70). Note the decreased 


number of cortical vacuoles and swollen fibers (D > B > C > A). 


Table 1.—Incidence of Pericyte Ghosts in Dog Retinal Capillaries per Eye Examined * 


Incidence of Pericyte Ghosts/No. of Eyes 
LLLP 


Galactose Diet 


O——— lll N aaaaaaaaaaaaaaaaaaaaaMiÃħiħŘ 


Duration 
of Diet, mo 


Normal Diet, 


Controls Untreated 


Sorbinil 


M79175, 
Low-Dose 


M79175, 
High-Dose 


M79175, 
Sorbinil 





* Two-sided P values comparing each inhibitor-treated group with the untreated group for the incidence of 
pericyte ghosts are as follows: sorbinil, .00005; low-dose M79175, .002; high-dose M79175, .001: and 
M79175-sorbinil, .00009. 


more potent 2-methy! substituted an- 
alog, M79175, or combinations of both. 
The initial single daily administration 
of either 625 mg of sorbinil (about 
62 mg/kg) or 0.5 mg/kg of M79175 to 
each group was primarily based on in 
vivo rat data and on the results of a 
short-term preliminary dog study. In 
rats, the administration of sorbinil in 
food at an approximate dose of 50 
mg/kg effectively blocks cataract for- 
mation’ and keratopathy,’ while the 
inhibitor M79175 has been observed to 
be about 100-fold more potent than sor- 
binil (written communication from Ei- 
sai Pharmaceutical Co Ltd, June 1985). 
In the preliminary dog study, daily 
capsules containing either sorbinil or 
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M79175 were orally administered to 
dogs of mixed breeds and undeter- 
mined age for 9 days, and the dogs were 
fed unlimited amounts of dog chow 
containing 30% galactose for the last 7 
days. In these dogs doses of 30 and 50 
mg/kg of sorbinil and 0.3 and 0.5 
mg/kg of M79175 reduced polyol levels 
in the lens by 78%,89%,41%,and 73%, 
respectively, and in the sciatic nerve by 
85% , 90% , 89%, and 69%, respectively, 
compared with similar untreated ga- 
lactose-fed controls. After 3 months of 
galactose feeding, the observation that 
either inhibitor failed to prevent cata- 
ract formation led to an investigation 
of sorbinil plasma levels. This resulted 
in the finding that sorbinil is rapidly 
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metabolized in galactose-fed dogs wit] 
unanticipatedly short plasma half-lif 
levels compared with either rats o 
people. As a result, the amounts of in 
hibitors administered and the timin; 
of each administration, as described ir 
the experimental section, were in 
creased at 4 months. As illustrated ir 
Fig 4, the increased multiple dose or 
weekdays resulted in increased plasm: 
drug levels compared with weekend; 
when dosing intervals were reduced. Ir 
addition, the study was expanded by 
the addition of a new group of 15 age 
and sex-matched beagle dogs receivin; 
10-fold higher amounts of M79175. Af 
ter 27 months of galactose feeding, on: 
half of this high M79175-treated grou] 
also received sorbinil (750 mg/d). Ex 
amination of blood galactitol level: 
revealed that all doses of aldose reduc 
tase inhibitors utilized reduced blooc 
galactitol levels (Fig 5). 

In these prevention studies the de- 
velopment and progression of retina. 
changes associated with diabetic retin- 
opathy were arrested in an apparent 
“dose-dependent manner.” This devel- 
opment and progression of retina. 
changes, which in these dogs appearec 
in the order no treatment more thar 
low-dose M79175; M79175 more thar 
sorbinil; sorbinil more than high-dose 
M79175; high-dose M79175 more thar 
high-dose M79175 supplemented witł 
sorbinil, closely reflected the ability o 
these inhibitors to reduce galactito. 
levels in the adrenal gland (Fig 6) anc 
ameliorate lens changes associated 
with sugar cataract formation,” as il- 
lustrated in the histologic comparison 
of lenses from untreated and inhibi- 
tor-treated dogs fed galactose for 27 
months (Fig 7). As summarized in Ta- 
ble 1, the appearance of pericyte ghosts 
in the midperiphery of the retina de- 
creased with the increased potency 
and dose of the inhibitor administered. 
Compared with untreated galactose- 
fed dogs, in which a 100% incidence of 
pericyte ghosts was observed in the 
eyes of randomly selected dogs after 24 
months of galactose feeding, a 100% 
incidence of pericyte ghosts was not 
observed in similar dogs treated with 
low-dose M79175 until 30 months of 
galactose feeding, in sorbinil-treated 
dogs until 33 months, and in the high- 
dose M79175-treated dogs until 36 
months. After 36 months of galactose 
feeding only a 50% incidence of peri- 
cyte ghosts (two of four dogs) was ob- 
served in similar dogs treated with 
high-dose M79175 supplemented with 
sorbinil (M79175-sorbinil). In all eyes 
from aldose reductase inhibitor- 
treated dogs examined in which peri- 
cyte ghosts were absent, no other his- 
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Fig 8.—Comparison of isolated retinal vessels 
stained with periodic acid-Schiff and hema- 
toxylin from a normal control diet containing 
30% nonnutrient filler for 36 months (A) and an 
age-matched diet containing 30% galactose 
for 36 months and concomitantly treated with 
the aldose reductase inhibitors M79175 and 
sorbinil (B) (A and B, original magnification 
X 280). 


tologic abnormalities were detected, 
and the retinal capillaries appeared 
indistinguishable from those of the 
controls. This is illustrated in Fig 8 in 
which a typical area of isolated retinal 
capillaries from galactose-fed dogs 
concomitantly treated with the aldose 
reductase inhibitors M79175 and sorb- 
inil is compared with those from age- 
matched dogs fed a control diet. The 
distribution of endothelial cells and 
pericytes appear similar in both and 
the retinal capillary vessels appear in- 
distinguishable. 

Similar dose-dependent decreases in 
the subsequent development of mi- 
croaneurysms, hemorrhages, and var- 
icose enlargements were also observed 
in the galactose-fed dogs concomi- 
tantly treated with aldose reductase 
inhibitors (Table 2). While all un- 
treated galactose-fed dogs displayed 
microaneurysms after 30 months, all 
those treated with low-dose M79175 
displayed microaneurysms by 33 
months and all those treated with sor- 
binil displayed microaneurysms by 36 
months. Some dogs from each of these 
three groups displayed intraretinal 
hemorrhages by 33 months; however, 
none of the high-dose M79175-treated 
or M79175-sorbinil-treated dogs dis- 
played intraretinal hemorrhages dur- 
ing the 36-month period. One of three 
dogs receiving high-dose M79175 dis- 
played one microaneurysm after 33 
months of galactose feeding and one of 
two displayed two microaneurysms af- 
ter 36 months. No microaneurysms 
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Table 2.—Incidence and No. of Microaneurysms in Dog Retinal Capillaries per Eye 
Examined * 


incidence of Microaneurysms/No. of Eyest 
mm OOOO ——_ 
Galactose Diet 


ooo iii CCL OOOO x, 
Duration Normal Diet, M79175, M79175, M79175, 
of Diet, mo Controls Untreated Sorbinil Low-Dose High-Dose Sorbinil 


19 0/2 — hice sale a 
27 0/2 1/3 0/3 0/3 0/4 0/4 
30 0/2 3/3 1/3 2/3 0/3 0/3 
(2;7;12) (1) (1;2) 
4/4 3/4 4/4 
(1;5;5;12¢) (1;124;12#) (3+;3;4;5) 
4/4 4/4 4/4 1/2 
(464;7;5;3) (154;4;2;1) (254;20¢; 114; 1) (2) 


*Two-sided P values comparing each inhibitor-treated group with the untreated group for the incidence of mi- 
croaneurysms are as follows: sorbinil, .01; low-dose M79175, .50; high-dose M79175, .002; and M79175-sor- 
binil, .00009. 

tThe Nos. in parentheses are the No. of microaneurysms observed per eye. 

+Hemorrhages were observed in the eye. 
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Fig 9.—A schematic comparison of polyol flow under diabetic and galactosemic conditions. 
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in M79175-sorbinil- 


were present 
treated dogs after 33 months of galac- 
tose feeding, but one of four dogs dis- 
played one microaneurysm after 36 
months. 


COMMENT 


The observed preferential loss of 
pericytes from retinal capillaries in 
the eyes of diabetic patients has 
sparked considerable speculation over 
the significance of retinal pericytes in 
retinal vessel lesions and the genesis of 
diabetic retinopathy. It has been pro- 
posed that pericytes control retinal 
capillary blood flow” through their 
contractile nature. Furthermore, it 
has been suggested that microaneu- 
rysms are derived from vessels whose 
pericytes have been selectively lost, 
and that retinal pericytes are associ- 
ated with the control of neovasculo- 
genesis.”’* The contractile nature of 
pericytes has been confirmed by in 
vitro studies with cultured retinal ves- 
sel pericytes and endothelial cells,” 
and these studies have provided evi- 
dence for the premise that pericytes 
regulate microvascular growth by sup- 
pressing the growth of endothelial 
cells.” Recent in vivo and in vitro ex- 
perimental evidence has also linked 
the degeneration of retinal pericytes to 
the aldose reductase-initiated accu- 
mulation of polyols. By examining ret- 
inal vessel changes during an interval 
of 36 months in dogs whose retinal 
changes closely mirror those in dia- 
betic patients, the present study pro- 
vides experimental evidence that per- 
icyte degeneration is the initial patho- 
logic event in retinal vessel changes 
associated with diabetic retinopathy. 
In turn, the presence of pericyte ghosts 
is associated with both endothelial cell 
proliferation, which leads to microan- 
eurysms, hemorrhages, and varicose 
enlargements, and acellular capillar- 
ies that may be areas of nonperfusion. 
In addition, the present study provides 
experimental evidence that aldose re- 
ductase inhibitors ameliorate the de- 
generation of retinal pericytes (Table 
1) and the subsequent formation of 
microaneurysms (Table 2) in an appar- 
ent dose-dependent manner reflective 
of the inhibitory activity obtained. 

In galactose-fed animals the more 
rapid accumulation of intracellular 
galactitol generally results in a faster 
onset and increased severity of tissue 
changes than that observed in dia- 
betes. This is because aldose reductase 
reduces galactose to galactitol more 
rapidly than glucose to sorbitol and 
because galactitol is not readily me- 
tabolized by sorbitol dehydrogenase. 
Asa result, the inhibition of aldose re- 


ductase must be more closely moni- 
tored and more strenuously main- 
tained in galactose-fed than in diabetic 
animals. This is schematically illus- 
trated in Fig 9, in which the “flow 
through the polyol pathway” under 
diabetic and galactosemic conditions is 
compared. As illustrated in this figure, 
while the accumulation of sorbitol in 
the diabetic patient results from both 
an increased flow of glucose and aldose 
reductase activity (increased size of 
the inlet) and a decreased activity of 
sorbitol dehydrogenase (narrowing of 
the outlet), total inhibition of aldose 
reductase is not required to prevent a 
buildup of sorbitol because sorbitol 
dehydrogenase can remove sorbitol 
through its conversion to fructose. On 
the other hand, maximum inhibition is 
required with galactose because galac- 
titol cannot be removed from the 
“polyol pathway pipeline” through 
metabolism by sorbitol dehydro- 
genase. Unless the total inhibition of 
aldose reductase is achieved in the ga- 
lactose-fed animal, only a delay in the 
eventual buildup of galactitol and sub- 
sequent tissue disease can be obtained. 

Although retinal galactose/galacti- 
tol or drug levels could not be deter- 
mined in the present studies, it is 
doubtful that adequate tissue levels of 
aldose reductase inhibitors and the 
subsequent inhibition of aldose reduc- 
tase were either obtained or main- 
tained. This premise is supported by 
the observation that the development 
and progression of retinal changes 
closely reflected the ability of these in- 
hibitors to reduce adrenal gland polyol 
levels and to stop the development of 
sugar cataract formation. From re- 
gression analyses of Tables 1 and 2, the 
duration of galactose feeding required 
to produce pericyte ghosts and mi- 
croaneurysms in 50% of each group 
was calculated. Similar rank orders for 
ghost formation (19.2, 26.7, 29.7, 31.5, 
and 35.7 months) and microaneurysms 
(27.4, 29.7, 31.3, 35.7, and greater than 
36 months) for the untreated group, 
low-dose M79175 group, sorbinil group, 
high-dose M79175 group, and high- 
dose M79175 supplemented with sorb- 
inil group, respectively, were obtained 
and these observations mirrored the 
reduction of adrenal gland polyol lev- 
els and the inhibition of cataract for- 
mation that both appeared in the fol- 
lowing order: no treatment less than 
low-dose M79175; M79175 less than 
sorbinil; sorbinil less than high-dose 
M79175; and high-dose M79175 less 
than high-dose M79175 supplemented 
with sorbinil. None of the doses of al- 
dose reductase inhibitors adminis- 
tered in the present study completely 
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stopped lens changes associated wit 
galactitol accumulation. Nonparamet 
rie analysis of the similar rank order 
of the aldose reductase inhibitor 
treated groups with respect to cata 
racts, pericyte ghosts, and microaneu 
rysms is significant (P < .01). 

A variety of factors could have con 
tributed to the inadequate inhibitio: 
of aldose reductase in target tissues 
such as the retina or lens. These in 
clude the inadequate administration o 
appropriate amounts of aldose reduc 
tase inhibitors, the administration o 
inhibitor amounts that are based o; 
mean group weights rather than indi 
vidual animal weights, and the inap 
propriate timing of inhibitor adminis 
tration. These factors are reflected i: 
the positive dose-dependent response 
observed with M79175 (Tables 1 and 2 
and the decrease in blood aldose re 
ductase inhibitor levels observed or 
weekends, when the rates of inhibito: 
administration per day were reducec 
due to manpower considerations (Fis 
4). Other potential factors with un 
known adverse effects include age-de. 
pendent changes in both the uptak: 
and metabolism of galactose and al 
dose reductase activity and the effec 
of long-term galactose feeding on thi 
uptake, distribution, and metabolisn 
of aldose reductase inhibitors, the lat 
ter of which may be enhanced by en 
zyme induction. While the specific me 
tabolites of either inhibitor in galac 
tose-fed dogs has not been identified, i 
is conceivable that the metabolism oi 
these inhibitors may differ. The 2. 
position of sorbinil represents a regior 
that can rapidly be hydroxylated anc 
subsequently conjugated, while 
M79175 possesses a methyl group a! 
that position that blocks this potentia 
hydroxylation; however, the methy 
group is vulnerable to Q-1 oxidation 
These potential differences in inhibi 
tor metabolism form the basis fo: 
combining the treatment of M7917: 
and sorbinil. 

Although dose-dependent response: 
reflective of aldose reductase inhibi. 
tory activity were observed in both the 
retina and lens, the examination oi 
blood galactitol levels revealed that all 
inhibitors significantly reduced blood 
galactitol levels (Fig 5). Interestingly, 
the reduction of blood polyol levels 
during the 24-hour period (0 hours in 
Fig 5) was better maintained in the 
M79175-treated animals. This obser- 
vation, coupled with the difference in 
blood drug levels (Fig 4), indicates that 
M79175 and sorbinil are pharmacody- 
namically distinct. While in general 
the uptake of drug by the red blood 
cells is rapid, the subsequent availabil- 
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ity of drug into target tissues, such as 
the retina and lens, is more dependent 
- on pharmacodynamic factors, such as 
-its intercellular concentration, tissue 
penetration characteristics, and half- 
< life: Since blood polyol levels are rou- 
` tinely monitored in clinical trials as an 
indicator of adequate levels of aldose 
reductase inhibition, the present study 
suggests that such monitoring may not 
reflect polyol inhibition in target tis- 
sues. 

The present study, which indicates 
that. sorbinil delays the development 
fe ghosts and the subsequent 
of microaneurysms until 33 
ralactose feeding, is consis- 
ith the results of Engerman and 
1,2 who observed that sorbinil had 
not ffect on retinal capillary changes 
in galactose-fed dogs when examined 
after 42 months of galactose feeding. 

Although sorbinil reduced blood polyol 
levels in both studies, the unexpectedly 
rapid metabolism of sorbinil in galac- 
tose-fed dogs must be considered a 
factor in reducing the availability of 
the drug to the target tissues, as re- 
flected in the present study’s delay of 
cataract and retinal changes. While 
Engerman stresses the importance of 
reducing blood polyol levels with al- 
_ dose reductase inhibitors in dog 
~ studies,” the present study indicates 
_ that the inhibition of blood polyol lev- 
els does not necessarily reflect polyol 
-` inhibition in the lens or retina. 

_. Inthe 36-month period investigated, 
~galactose-fed dogs developed retinal 
vessel changes that include the pres- 
ence of pericyte ghosts, dilated capil- 
lary vessels, microaneurysms, hemor- 
rhages, varicose enlargements, and 
acellular capillaries. These changes 
are similar to those observed with 
early background retinopathy in hu- 
mans. The present histopathologic 
_ findings in these galactose-fed dogs 
~ coupled with the observed effects of 
__ aldose reductase inhibitors clearly im- 
: -plicate aldose reductase in the patho- 
i genesis of diabetic retinopathy. Addi- 











tional evidence for this premise comes 
from complementary studies of rats in 
which the nonhydantoin aldose reduc- 
tase inhibitor tolrestat essentially pre- 
vented the formation of pericyte 
ghosts, acellular vessels, endothelial 
cell proliferation, and microaneu- 
rysms in rats fed galactose for 28 
months.” The dose-dependent manner 
in which pericyte degeneration and the 
subsequent formation of microaneu- 
rysms and hemorrhages are reduced 
with aldose reductase inhibitors indi- 
cates that the appropriate administra- 
tion of aldose reductase inhibitors ap- 
pears to be beneficial for the preven- 
tion of early diabetic retinopathy. 
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Refractive Predictability of Myopic Hydrogel Intracorneal 
Lenses in Nonhuman Primate Eyes 


Bernard E. McCarey, PhD; Blake R. Storie; Gabriel van Rij, MD, PhD; Patricia M. Knight, PhD 


è The refractive predictability of myo- 
_ pic hydrogel intracorneal lenses made of 
_ lidofilcon A was evaluated in 24 monkey 
-eyes following a microkeratome dissec- 
` tion, All eyes were examined monthly for 
_ refractive alteration and clinical appear- 
ance during a follow-up period of 7 to 33 
months. The refractive yield was mea- 
sured by retinoscopy and found to be a 
function of the implant depth. The 
mean + SD percent of the desired correc- 
tion achieved averaged 70% + 24% at a 
36% to 60% depth (n = 8), 54% + 22% ata 
61% to 79% depth (n=7), and 12% + 14% 
in implants deeper than at a 79% depth 
(n= 9). For eyes with implants at a 36% to 
60% depth, the predicted vs achieved 
refractive alteration yielded a correlation 
coefficient of .97 (88% within + 3 diopters 
of the correlation). The refractive out- 
come remained stable throughout 7 
months of follow-up, whereas deeply 
_ placed lenses (80%) exhibited signifi- 
cant regression in power during this 
time. 
_ {Arch Ophthaimol. 
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S ynthetic intracorneal lenses (ICLs) 
- ~ offer several advantages over con- 
ventional tissue techniques used in re- 
fractive corneal surgery. These lenses 
can be fabricated to precise design 
` specifications and inspected for optical 
o quality and accurate dimensions. Fast- 
er. visual recovery is expected since 
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cryolathing of tissue is avoided. Syn- 
thetic lenses can be made in unlimited 
supply and be terminally sterilized; 
these are two problems that hamper 
donor tissue applications. To our 
knowledge, Barraquer’ was the first to 
consider the concept of intracorneal 
implants with the use of synthetic ma- 
terials, such as flint glass and poly- 
methyl methacrylate. Unfortunately, 
these early materials were imperme- 
able to important metabolites and re- 
sulted in anterior stromal necrosis. Re- 
cent advances in polymer chemistry 
have provided more suitable materials, 
such as hydrogels, to be used for this 
application. 

Several investigators have success- 
fully implanted hydrogel ICLs in vari- 
ous animal models during the past 
decade. McCarey and Andrews’ dem- 
onstrated good biocompatibility of hy- 
drogel ICLs in the rabbit cornea, and 
others have since reported on hyper- 
opic and myopic corrections in nonhu- 
man primate eyes.” Early studies 
were less predictable than desired, but 
surgical technique refinements and im- 
provements in lens manufacture have 
provided predictable results with the 
use of hyperopic ICLs.’ Through re- 
cent lens design modifications, Werb- 
lin and Patel’ achieved predictable re- 
fractive results with the use of myopic 
hydrogel ICLs, although limited data 
were supplied. To our knowledge, Sen- 
dele et al’ reported the first human 
hydrogel implantation in which the 
lens was tolerated for 6 months in the 
cornea of a patient with aphakic bul- 
lous keratopathy. Hydrogel ICLs are 
currently being evaluated clinically for 
both aphakic and myopic corrections. 
The primate studies presented in this 
report were undertaken to evaluate 
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the power predictability and stability 
of myopic hydrogel ICL Rap antation: 


MATERIALS AND METHODS 
Prediction Algorithm 


A computer algorithm, developed by 
Watsky et al” in 1985, was used to deter- 
mine the theoretical changes i in refraction, 
keratometry, and corneal thickness for eack 
implant procedure. Postoperative cornea’ 
parameters were based on the implant di- 
mensions, the thickness of the microkera- 
tome cut, the preoperative corneal curva- 
ture, and the preoperative refractive error. 


ICL Characteristics 


The lenses used for this study were made 
from a copolymer of methyl methacrylate 
and n-vinyl-2-pyrrolidone (Lidofileon A), a 
68% water-content hydrogel material. The 
ICLs were manufactured by Allergan Medi- 
cal Optics, Irvine, Calif, to the following 
parameters: dioptric power, —6 to -22 
diopters (D) (determined by the prediction 
algorithm described above); diameter, 4.6 
to 6.8 mm; central thickness, 0.04 to 0.15 
mm; and base curve radius, 5.1 to 6.5 mm. 
Hydrated dimensions were verified on a 
50x optical comparator by immersing the 
lenses in a specially adapted chamber that 
was filled with 0.9% saline solution, main- 
tained at a temperature of 33°C. 


Surgical Technique 


Adult male and female rhesus monkeys 
were used as the animal model for this 
study. All animals were maintained in ac- 
cordance with National Institutes of Health 
guidelines for the use of animals in re- 
search. A total of 19 ‘surgeries were per- 
formed by a single surgeon (G.V.R.) with 
the use of a microkeratome resection. based 
on the keratophakia . technique of Barra- 
quer" and modified for the monkey eye.’ 
Sham. procedures were also performed in 
five eyes where a keratectomy was done, 
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but no ICL was implanted. These sham- 
operated eyes served as controls for the 
surgical procedure. Lenses were removed 
from two eyes in this study 10 months after 
implantation, and the eyes were followed 
for 6 months thereafter. The explantation 
procedure was similar to that described by 
Binder et al.” After locating the incision 
plane along the old microkeratome scar, the 
corneal cap was resected off of the eye, the 
ICL was removed, and the tissue cap was 
resutured in place with two running 10-0 
nylon sutures. 


Preoperative and Postoperative 
Examinations 


Routine examinations were performed on 
all implanted and sham-operated eyes. 
Preoperative and monthly postoperative 
examinations included retinoscopy, ker- 
atometry, pachymetry, and slit-lamp mi- 
croscopy. The preoperative subjective reti- 
noscopy and keratometry (Bausch & Lomb, 
Rochester, NY) readings were repeated 
twice at l-week intervals before surgery. 
Retinoscopy values were adjusted for the 
vertex distance, and keratometry values 
were adjusted for the auxillary lenses 
placed on the keratometer. The depth of the 
ICLs within the cornea was determined 
with the use of a specular microscope 
(Keeler Instrument Inc, Broomall, Pa) by 
measuring the central thickness of the ante- 
rior stroma, hydrogel, and posterior stro- 
ma. Keratoscope photographs were taken 
with a photokeratoscope (Nidek Corp, Palo 
Alto, Calif) and analyzed for surface topog- 
raphy by using color-coded contour maps. 
All eyes were examined on the 3rd, 7th, 
14th, and 21st days after surgery and 
monthly thereafter. 


RESULTS 
Success Rates 


Twenty-nine lenses were implanted, 
with 24 considered to be technically 
successful. A successful surgical proce- 
dure was defined as an eye that had a 
clear optical medium, allowing the ex- 
aminer to complete the follow-up ex- 
amination through the postoperative 
period. Four different implant series 
were performed throughout the course 
of this study, with the difference 
among each series being the size of the 
lens implanted (Table 1). In the second 
series, 6.8-mm lenses were implanted 
in 10 eyes. Two lenses extruded within 
a week after surgery, and 2 other eyes 
developed immediate postoperative 
edema with poor healing of the wound. 
There appeared to be an insufficient 
amount of tissue draped over the ICL 
in these eyes to allow for proper heal- 
ing. Smaller 6.0-mm lenses were used 
for the third and fourth implant series. 
One eye in the third series developed 
immediate postoperative edema and 
vascularization that appeared to be 
related to microkeratome ring fixation 
problems encountered during surgery. 
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No. of 
Implants 


Implant 
Series 






Table 1.—Myopic Implant Study 


Lens Size, mm 


2 10 6.8 26 
3 8 6.0 16 
Total 29 =F SN 





Maximum Postoperative 
Follow-up Period, mo 


Table 2.—Refractive Results by Implant Depth * 


No. of ICLs 
Implanted 


ICL Diameters 
Implanted, mm 


6.0 
4.8-6.8 
4.6-6.8 


*ICLs indicates intracorneal lenses. 
tValues are given as mean + SD. 


100 


% Correction Achieved 


0 10 20 30 40 





% Correction ICL 
Achievedt Depths, % 


70 + 24 36-60 
54 + 22 61-79 
12 + 14 = 80 





50 60 70 80 90 100 


% Depth of Implant 


Fig 1.—Refractive yield relative to implant depth. Middepth intracorneal lenses (a 36% to 60% 
depth) provided greater refractive yields than deep intracorneal lenses. The data were fit to a 
second-degree polynomial defined by the equation y= —0.03x* + 2.19x + 36.81; r=.81. The 
eye with an intracorneal lens at a 45% depth that achieved an 18% correction had a small globe 
and tight lid opening that resulted in a difficult microkeratome resection. Triangles indicate data 


points. 


Preoperative Values 


The average (mean+SD) preoper- 
ative corneal values for the 24 success- 
ful eyes measured as follows: spherical 
equivalent refractions, —0.4+2.7 D; 
keratometry readings for a radius of 
6.5+2.0 mm, 51.9+1.8 D; and corneal 
thickness measurements using the 
specular microscope (n= 9), 0.43 + 0.05 
mm. 


Postoperative Refractions 


The postoperative retinoscopy and 
keratometry data, listed in the follow- 
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ing sections, represent the averages of 
the three last postoperative examina- 
tion periods. These values were used 
to minimize the effects of subjective 
end point errors of early postoperative 
fluctuations that may have occurred in 
some eyes. The postoperative follow- 
up time ranged from 7 to 33 months 
(Table 1), averaging 18+7 months. 
The refractive results, as measured 
by retinoscopy, are listed in Table 2. 
The values are expressed as the per- 
centage of correction achieved deter- 
mined by dividing the actual change by 
the predicted change in refraction. The 
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Table 3.—Refractive Predictability of Myopic Hydrogel Lenses in Monkéy Eyes * 


ICLs at 
36%-60% Depth 


ICLs at 
61%-79% Depth 
___------ MaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaamuMmMMniňťŘ 


ICLs Deeper 
Than 79% Depth 


LD, 


Cumulative Cumulative 


Cumulative Cumulative Cumulative Cumulative 
No. of Eyes % No. of Eyes % No. of Eyes % 
3 38 2 29 0 O 
5 63 2 29 O O 
7 88 2 29 0 i (0) 
8 100 7 100 9 100 


*D indicates diopters; ICLs, intracorneal lenses. 


tData range. Error is computed as the amount of dioptric deviation from the linear regression fit of middepth ICLs (36% to 60%). 


25 


20 


15 


10 


Actual Change in Refraction, D 


-5 0 5 10 15 20 25 


Predicted Change in Refraction, D 


Fig 2.—Refractive predictability of the implant procedure for eyes with intracorneal lenses at a 
36% to 60% depth. Subjective refractions were averaged over the most recent 3 months. The 
linear regression fit of data is defined by y = 0.80x — 0.92; r= .97. D indicates diopters; triangles, 
implanted eyes; and diamonds, sham-operated eyes. 


Fig 3.—Refractive stability relative to postoperative time at various intracorneal lens depths. 
The refractive yield was stable for intracorneal lenses at depths of 36% to 60% and 61% to 79%. 
Very deep intracorneal lenses (=80%) showed significant regression (P<.004). Data are 
averaged (mean+SD). Closed bars indicate correction at 1 to 2 months; hatched bars, 
correction at 6 to 7 months. 
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refractive yield was found to be sens 
tive to the depth of the ICL within tl 
cornea. The lens depth varied fro: 
36% to 84% of the stroma. Middept 
lenses (a 36% to 60% depth) achieve 
an average correction of 70%+24' 
(mean+SD). The refractive yiel 
dropped considerably with deeper IC 
placement. The percent correction ay 
eraged 54%+22% at a 61% to 79% 
depth and 12% + 14% at greater than 
79% depth. The ICL depths were mez 
sured by using the specular microscop 
(Keeler) for the last three implant se 
ries (n=18 eyes). The ICL depth 
were estimated by slit-lamp examinz 
tion for the first implant series (n= 
eyes). The effect of the lens depth o 
the percent correction achieved is illus 
trated in Fig 1. The greatest refractiv 
change for a given ICL power occurre 
with lenses that were placed at a 36‘ 
to 60% depth. Furthermore, the pe) 
centage of the refractive yield wa 
relatively constant throughout thi 
range of ICL depth. 

The refractive predictability c 
lenses, placed at a 36% to 60% depth 
is illustrated in Fig 2. The data ar 
shown as the predicted vs actus 
change in refraction. A linear regres 
sion fit yielded a slope of 0.81 an 
correlation coefficient of .97. Thes 
eyes achieved predictable results a! 
though refractive changes were les 
than predicted by approximately 20% 
A similar analysis was performed o: 
the refractive predictability data c 
eyes with ICLs at a depth of 61% t 
79% and those deeper than at a 799 
depth. The linear regression fit of eac] 
group yielded a correlation coefficien 
of .85 and .82, respectively. Thus 
lenses, placed deeper than 60%, wer 
less predictable than middepth lenses 
The control sham-operated eyes be 
came slightly hyperopic by an averagi 
of 0.6+0.5 D. 

Table 3 lists the percentage of eye 
that fell within a given range of pre 
dicted powers for lenses that wer 
placed at depths of 36% to 60%, 61% ti 
79%, and 80% or greater. This wa: 
computed for each group by determin 
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ing the amount of dioptric deviation of 
each data point from the linear regres- 
sion fit of lenses that were placed at 
middepth (Fig 2). For ICLs that were 
placed at a 36% to 60% depth, 38% of 
the eyes fell within 1 D of that predict- 
ed, 68% within 2 D of that predicted, 
and 88% within 3 D of that predicted. 
Deeper ICLs (a 61% to 79% depth) 
were less predictable, with only 29% of 
the eyes within 3 D. All lenses that 
were placed deeper than 80% were 
more than 3 D overpredicted from the 
refractive results achieved with mid- 
depth ICLs. 

The refractive stability of ICLs at 
depths of 36% to 60%, 61% to 79%, and 
80% or greater is shown in Fig 3. The 
data were averaged at two time inter- 
vals to illustrate the difference in the 
average percent correction at 1 to 2 
months and 6 to 7 months postopera- 
tively. These intervals were chosen 
since the latest series of implants had 
been followed for only 7 months at the 
time of this writing. There was no 
significant change in the refractive 
yield over time for ICLs that were 
placed at depths of 36% to 60% and 
61% to 79% (P<.05, analysis of vari- 
ance for repeated measures). The re- 
spective changes in the refractive yield 

for the two groups were + 1% (69% to 
_ 71% correction) and —6% (58% to 55% 
correction) during this time period. In 
contrast, lenses that were placed very 
deep (=80%) showed a significant de- 
crease in the refractive yield over time 
(P<.004, analysis of variance for re- 
peated measures). These eyes demon- 
strated a 63% loss in the refractive 
yield (26% to 10% correction) during 
this 7-month interval. 

Lenses were explanted from two 
eyes 10 months after implantation. The 
postexplant spherical equivalent was 
compared with the preoperative spher- 
ical equivalent for both eyes. One 
month after removal, the refractions of 
each eye had returned to within 0.6 
and 0.7 D of their preoperative values 
becoming slightly hyperopic. This is 
comparable with the sham-operated 
eyes that tended to become slightly 
hyperopic by an average of 0.7 D. The 
refraction readings of the explanted 
eyes remained stable throughout a fol- 
low-up period of 6 months after the 
ICLs were removed. 


Keratometry 


The predicted vs actual change in 
keratometry is shown in Table 4. 
These values were determined by di- 
viding the actual change by the pre- 
dicted change in keratometry. Ker- 
atometry shifts were 46% of that pre- 
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No. of 
Implants 


*Values are given as mean + SD. 


dicted for ICLs at a 36% to 60% depth 
and 17% of that predicted for ICLs at a 
61% to 79% depth. When lenses were 
placed deeper than 79%, the average 
postoperative keratometry measure- 
ments became more hyperopic by 16%. 
The change in power, measured by 
retinoscopy, was compared with the 
change in keratometry for ICLs at a 
36% to 60% depth. These two methods 
demonstrated good correlation by lin- 
ear regression analysis, yielding a cor- 
relation coefficient of .90. The slope of 
this regression line (0.54) indicates 
that the change in keratometry was 
less than the refractive changes by 
approximately 50% for a given ICL. 


Corneoscopy 


Corneoscopy was performed at se- 
lected postoperative time intervals for 
most eyes in this study. The kerato- 
graphs were digitized and converted 
into color-coded topography maps as 
described by Maguire et al.” These 
topography maps provided a qualita- 
tive assessment of the corneal surface 
contour. An effective optical zone, pro- 
duced by the ICL, can be estimated by 
noting the extent of the equivalent 
central corneal surface power comput- 
ed from the map. Eyes with high- 
power ICLs tended to have slightly 
smaller optic zones than those implant- 
ed with low-power ICLs. In general, 
the surface contour steepened rapidly 
over the peripheral edge of the im- 
plant, showing a similar pattern to the 
topography found from other myopic 
keratorefractive procedures. * 


COMMENT 


The monkey model was chosen for 
this study due to its similar morpholog- 
ical characteristics to the human cor- 
nea. In particular, the presence of 
Bowman’s membrane in the anterior 
stroma is an important similarity be- 
tween monkeys and humans. Due to 
the inelastic nature of this membrane, 
it must be cut for a hydrogel implant to 
alter the anterior corneal curvature 
effectively. The surgical technique 
used for this study had been estab- 
lished from earlier hyperopic implant 
studies performed by McCarey and 


Table 4.—Predicted vs Actual Change in Keratometry 


% Keratometric 
Change Achieved * 


8 46 + 30 36-60 
7 17 + 34 61-79 
9 =J = 4 = 80 


Refractive Predictability -McCarey et al 





Implant Depths, % 






colleagues.’ The use of a microkera- 
tome on monkey eyes presents a tech- 
nical challenge due to the steeply 
curved cornea, ie, the position of the 
eye in relation to the orbit and the 
pronounced nose bridge. At times, 
these factors resulted in excessive sur- 
gical trauma that led to complications 
during the early postoperative course. 
Microkeratome difficulties that oc- 
curred with certain eyes usually re- 
sulted in immediate postoperative ede- 
ma, vascularization, and eventual 
failure. Other problems that occurred 
with monkeys included the inability to 
keep some animals from rubbing their 
eyes after ICL implantation. This 
caused suture breakage, ICL extru- 
sion, and even corneal ulceration in one 
case as reported with other monkey 
studies.” 

The ICL diameters used in this 
study were increased from 5 mm ini- 
tially to 6.0 and 6.8 mm in the later 
surgical series. Refractions were diffi- 
cult to measure in eyes with 5-mm- 
diameter ICLs that may be attributed 
to small optical zones noted from to- 
pography analysis. From our study, 
6.8-mm lenses were found to be an 
approximate upper limit for successful 
ICL implantation in monkey eyes. 
Lenses extruded early after surgery in 
four eyes that received large ICLs. 
Resected corneal cap sizes, measured 
during surgery by using calipers, var- 
ied from 8.0 to 9.5 mm in diameter. 
Our experience shows that the optimal 
diameter of the resected tissue cap 
should allow for a 1.5-mm disparity 
between the ICL and edge of the cap. 
With 6.8-mm lenses, a tissue cap of 
less than 8.3 mm may have an insuffi- 
cient amount of tissue draping periph- 
eral to the lens. This could result in 
incomplete tissue healing and is þe- 
lieved to be the reason for the ICL 
extrusion observed in four eyes that 
received 6.8-mm lenses. 

The last two implant series used 6.0- 
mm-diameter ICLs that tapered to a 
5.5-mm optic (n=15 eyes). From to- 
pography analysis, low-power ICLs 
achieved a larger effective optical zone 
relative to high-power ICLs with the 
use of a given lens design for diameter 
and optic size. This phenomenon was 
also observed with hyperopic lenses 
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that were placed in monkey eyes.’ 
Werblin and Patel“ have reported that 
they noted more regular central corne- 
al flattening from corneoscopic analy- 
sis by enlarging the size of the lens 
from 5.5 to 6.8 mm. In our study, we 
found no difference in the regularity of 
central corneal flattening due to the 
lens diameter even though the optical 
zone was affected by the size of the 
ICL. 

Retinoscopy was found to be the 
most reliable method of measuring the 
optical change induced by this implant 
procedure. The examiner has the free- 
dom to move the retinoscope whenever 
adjustments to animal eye movements 
are necessary. In contrast, large in- 
struments, such as the keratometer, 
cannot be moved as easily to adjust to 
the rotations of the animal’s eyes un- 
der anesthesia. In addition, maintain- 
ing a normal corneal tear film during 
keratometry measurements was chal- 
lenging and often led to “erroneous” 
readings. The change in power, mea- 
sured by keratometry, was consistent- 
ly underpredicted relative to refrac- 
tive changes measured by retinoscopy. 

The keratometer was not a reliable 
method of measuring the change in 
refraction. Several factors may be re- 
sponsible for this lack of correlation: 
(1) The keratometer is calibrated to a 
refractive index that assumes that the 
entire refractive power of the cornea is 
due to the anterior curvature of the 
eye. In fact, some corneal power is lost 
through the posterior radius of the 
cornea. After ICL implantation, 
changes of anterior to posterior curva- 
ture alter the relationships assumed by 
the keratometer. (2) Decentration of 
the keratometer image over the ICL 
may result in quantitative errors. The 
keratometer measures an approximate 
3-mm zone over the corneal surface. 
The anterior surface curvature stee- 
pens rapidly over the peripheral edge 
of the ICL. The slightest amount of 
decentration may provide misleading 
information if the mires are not fo- 
cused over the flatter central region. 
This may also be compounded by eye 
movements occurring during the mea- 
surement. (8) The keratometer does 
not take into account the refractive 
effect of the ICL itself within the 
cornea. The lens has a slightly higher 
refractive index than the stroma that 
contributes a small amount of optical 
power to the overall refractive change. 

The refractive outcome of myopic 
hydrogel lens implantation in monkey 
eyes was found to be a function of the 
ICL depth. The lens depth is deter- 
mined by the amount of anterior stro- 
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Fig 4.—Slit-lamp photograph of eye with a —20-diopter lens placed at 70% depth. Stroma 
posterior to the intracorneal lens edge is displaced into the anterior chamber, reducing the 
amount of intended anterior corneal flattening. This eye achieved only 28% of the predicted 


refractive correction. 


ma removed during the microkeratome 
resection that is performed at surgery. 
This is controlled primarily by the 
thickness of the depth plate that is 
inserted into the head of the microker- 
atome. Other factors can contribute to 
the amount of tissue resected, includ- 
ing fixation of the pneumatic ring to 
the eye, the intraocular pressure at the 
time of the resection (should be >65 
mm Hg), and the preoperative thick- 
ness of the cornea. In this study, the 
Nos. 35 and 45 depth plates were used 
exclusively for the first three implant 
series, with the intention of placing the 
lens at approximately two thirds of the 
corneal depth. However, it became 
evident that the lens depth played a 
critical role in the refractive success of 
this procedure. Thus, we used a No. 25 
depth plate in the latest implant series 
to place the lens more superficially. 
This resulted in ICL depths that 
ranged from 36% to 52%. 

The loss in the refractive yield with 
deep ICL placement suggests a poten- 
tial mechanism related to the tissue 
mechanics of the cornea. Barraquer 
and Viteri reported a loss in correc- 
tion obtained with myopic keratomi- 
leusis due to ectasia of the posterior 
layers of the cornea when a thick disc 
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was resected with the microkeratome. 
We hypothesize that a loss in the re- 
fractive yield occurs from the insuffi- 
cient rigidity of the stroma posterior to 
the ICL edge. Myopic ICLs are thick- 
est along the edge of the lens. In eyes 
with lenses implanted deep in the cor- 
nea, stroma posterior to the ICL edge 
may be too thin to support its normal 
convex curvature. Thus, the posterior 
stroma displaces into the anterior 
chamber at this location, resulting in 
little anterior corneal flattening. Close 
examination under the slit lamp illus- 
trates the effect of deep lens insertion 
(Fig 4). The thick edge of the hydrogel 
displaces the posterior stroma into 
the anterior chamber, reducing the in- 
tended myopic correction. In contrast, 
we hypothesize that ICLs, placed at a 
half depth or less, have adequate stro- 
ma beneath the implant to support 
mechanically the natural convex curva- 
ture of the posterior cornea. This sta- 
bilizes induced changes to the anterior 
corneal curvature created by lens 
insertion. 

Lenses placed very deep (=80%) in 
the cornea lacked refractive stability. 
More than 60% of the refractive alter- 
ation, measured at 1 and 2 months 
postoperatively, was lost by 7 months 
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This oer fist heal- 
id along the resected 
E e mechanical character- 
cornea may interact with 
stroma that is already 
xd by ICL insertion. If the 
hibits an elastic creep, then a 
ward stress on the posterior stro- 
< mal lamellae over time could enhance 
a stromal. displacement into the anterior 
chamber. 
~ In conclusion, the refractive success 
i of myopic hydrogel ICL implantation 
| in nonhuman primate eyes was found 
to be ighly dependent on the implant 
in the cornea. Lenses that 
at a 36% to 60% depth 
lictable and stable refrac- 
ilts: Lenses that were placed 
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deeper in the stroma (>60% depth) 
resulted in poor refractive yields. Six 
of the 15 eyes with deep [CLs experi- 
enced greater than a 30% loss in the 
refractive effect throughout 7 months, 
with continued regression occurring 
thereafter. The ICLs were well toler- 


ated in corneas for up to 33 months. 


Twenty-four of the 29 implantations 
were considered to be technically suc- 
cessful. Complications that occurred in 
5 eyes appeared to be related to surgi- 
eal difficulties encountered with the 
animal model specifically related to the 
monkey facial structure and microker- 
atoming. The most desirable ICL de- 
sign consisted of a 6.0-mm diameter 
that tapered to a 5.5-mm optic to 
smooth the transitional zone peripher- 
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Immunofluorescence Study of Corneal Wound Healing After 
Excimer Laser Anterior Keratectomy in the Monkey Eye 


Debra S. Malley; Roger F. Steinert, MD; Carmen A. Puliafito, MD; Ernest T. Dobi, PhD 


@ We performed anterior keratecto- 
mies on six monkey eyes, four by ex- 
cimer laser large-area ablation at 193 nm 
and two by mechanical keratectomy. Im- 
munofluorescence was used to study the 
wound healing response histopathologi- 
cally. The distribution of fibrinogen, fi- 
bronectin, laminin, collagen types Ill, IV, 
and VI, and keratan sulfate was deter- 
mined at postoperative intervals of 24 
hours, 6 days, and 1 month. At 24 hours, 
fibrinogen and fibronectin coated the ab- 
lated surface, but corneal epithelial cells 
had not yet migrated over the wound. By 
6 days and persisting at 1 month, an 
epithelial ingrowth of seven to 10 layers, 
mild stromal hypercellularity, and new 
collagen formation were present in the 
repair region. At 1 month, fibrinogen, 
fibronectin, laminin, and type Ill collagen 
were strongly detected in the repair re- 
gion. Type VI collagen was present in 
both normal and healed corneal stroma 
at all intervals, and type IV collagen was 
present in Descemet’s membrane only. 
Sulfated keratan sulfate was absent from 
the newly synthesized collagen stroma at 
all intervals. Slit-lamp photographs dem- 
onstrated corneal haze in the ablation 
zone in all cases at 24 hours, persisting 
for 1 month. The fluorescence patterns 
produced by excimer laser ablation and 
mechanical keratectomy were qualita- 
tively identical. 

(Arch Ophthalmol. 
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xcimer laser anterior keratectomy 

(laser anterior myopic keratomileu- 
sis, large-area ablation, photorefrac- 
tive keratectomy) has been proposed 
as an alternative to conventional kera- 
torefractive techniques.” In this meth- 
od, the anterior surface of the cornea is 
reprofiled in situ to produce a refrac- 
tive change. 

Studies suggest that the excimer 
laser can etch a smooth surface superi- 
or to that obtained by known mechani- 
cal devices. ”™™" Argon fluoride ex- 
cimer laser (193-nm) radiation pro- 
vides a source for precise corneal abla- 
tion of submicron accuracy without 
thermal denaturation of the adjacent 
tissue. "Ek 

Marshall and coworkers’ and oth- 
ers” postulate that the smooth, laser- 
ablated cornea will remain clear and 
stable without the wound healing re- 
sponse seen after mechanical or other 
injury. Excimer ablation produces 
minimal initial stromal disruption, #7" 
but corneal opacification and changes 
in the surface contour do occur in some 
primates during a healing period ex- 
tending over months.” Preliminary hu- 
man studies show similar results in 
some cases.’ 

To characterize the corneal healing 
response better, we performed im- 
munohistopathologic comparisons of 
monkey corneas after excimer laser 
tissue ablation and after mechanical 
keratectomy (Fig 1). Immunofluores- 
cence studies determined the distribu- 
tion of fibrinogen, fibronectin, laminin, 
collagen types IH, IV, and VI, and 
sulfated keratan sulfate at follow-up 
intervals of 24 hours, 6 days, and 1 
month. 


+s 
“$ 
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MATERIALS AND METHODS 


Three cynomolgus monkeys receiver 
excimer laser anterior keratectomies in oni 
or both eyes. The monkeys were anesthe 
tized with an intramuscular injection o 
ketamine hydrochloride (20 mg/kg), diaze 
pam (Valium, 1.25 mg/kg), and atropin 
sulfate (0.04 mg/kg). Each eye received : 
retrobulbar injection of 2% lidocaine hydro 
chloride (0.5 mL). In all cases, before abla 
tion, a cotton-tipped applicator was used ti 
remove the central corneal epithelium, anc 
ultrasonic pachymetry readings (DGH 200( 
ultrasonic pachymeter, Frazer, Pa) were 
performed. 

A Questek 2200 excimer laser (Billerica, 
Mass) with unstable resonator optics and a 
Lambda Physik EMG 101 excimer laser 
(Acton, Mass) with stable resonator optics 
were used to ablate four primate corneas 
with 193-nm (argon fluoride) radiation at an 
energy density of 85 mJ/em* and a repeti- 
tien rate of 10 Hz. Ablation results with the 
twe lasers were indistinguishable. The laser 
beam passed through an aperture 6 mm ir 
diameter, a rotating dove prism (0.3 Hz) 
and a converging convex lens (focal length. 
100 mm). Because the excimer beams were 
spatially nonuniform in intensity, we used z 
rotating dove prism as a beam homogenizer 
to equalize the total dose delivered to eack 
part of the ablation zone over multiple 
pulses. Beam diameter at the surface of the 
cornea was 3 mm. The pulse energy was 
monitored with a joule meter (Gentec 
ED-200, Sainte-Fosoy, Quebec, Canada). 
Three corneas received 500 pulses and one 
cornea received 300 pulses. 

One eye in each of two monkeys received 
a mechanical anterior keratectomy using a 
high-speed rotating steel burr, chosen for 
the irregularity of the injury obtained. 

Pachymetry was performed immediately 
postoperatively. For the ultrasonic pachy- 
meter to accept readings from the deepithe- 
halized cornea, it is necessary to add normal 
saline drops to the interface. This may 
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Fig 2.—Left, Laser-treated eye after 1 month. Note stromal hypercellularity (arrows) and thickened epithelium. Right, 
Mechanically treated eye after 1 month (hematoxylin-eosin, original magnification x 220 ; bar indicates 50 pm). 


Treatment Monkey No. 


Interval Between 
Treatment and 


Death Pulses 











induce some local edema and result in in- 
creased variability in the determinations. 
Gentamicin ophthalmic drops were instilled 
once at the completion of the treatment 
session. No further medication was applied 
at any time. Slit-lamp examination and pho- 
tography were performed weekly. Kerato- 
metry was attempted, but the readings 
were inconsistent owing to the small treat- 
ment zone and the difficulty of precise 
recentering in the monkey cornea. Monkeys 
were killed with an intravenous injection of 
pentobarbital solution at 24 hours, 6 days, 
and 1 month following irradiation. After 
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enucleation, the corneas were removed and 
hemisected through the ablation zone. Each 
piece was rinsed in saline, frozen in OCT 
compound (Miles Laboratories, Naperville, 
Ill), and stored at — 70°C. 

Antibodies to laminin (E-Y Laboratories, 
San Mateo, Calif), fibrinogen, fibronectin 
(Cooper Biomedical, Malvern, Pa), and all 
secondary fluorescently labeled antibodies 
and preabsorbed antigens (Sigma Chemical 
Co, St Louis, Mo) were obtained commer- 
cially. Mouse monoclonal antibodies to colla- 
gen types III, IV, and VI were obtained 
free of charge. 


Pachymetry, um 


eee 


Preoperative 


Postoperative 





Immunofluorescence studies were per- 
formed on 6-um cryostat tissue sections, 
which were placed on gelatin-coated slides 
(1% Knox Gelatin [Englewood Cliffs, NJ] 
containing 0.3% chromium potassium sul- 
fate). Tissue sections were washed in phos- 
phate-buffered saline plus 0.1% bovine se- 
rum albumin (buffer) four times for 5 
minutes each to remove OCT compound and 
then incubated in 5% goat serum (GIBCO, 
Grand Island, NY) for 30 minutes in a moist 
chamber. The slides were incubated with a 
primary antibody for 3 hours, washed three 
times (10 minutes each) in buffer, and incu- 
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bated with the appropriate secondary anti- 
body for 1 hour in the dark. The slides were 
washed again and covered with cover- 
glasses with a 4% n-propyl gallate solution 
of 0.1 mol/L of sodium bicarbonate (pH 8.0) 
in 80% glycerol. 

Mouse monoclonal antibodies to collagen 
III, IV, and VI (1:100) and to keratan 
sulfate (1:50) were followed by goat anti- 
mouse IgG-conjugated fluorescein isothio- 


cyanate (FITC) (1:50). Rabbit antilaminin 
(1:20) was followed by goat anti-rabbit 
IgG-—conjugated FITC (1:50). Goat anti—-hu- 
man fibronectin-conjugated FITC (1:50) 
and goat anti-human fibrinogen—conjugated 
FITC (1:40) were also examined. Negative 
control tissue sections (primary antibody 
omitted) were incubated routinely. The 
specificity of the antibody was further 
tested by absorbing it with an excess of 


Table 2.—Distribution of Collagen and Extracellular Matrix Components After Excimer 
Laser Ablation and Mechanical Keratectomy 


Untreated 
Component Area 


Fibronectin 
Fibrinogen 


Treated Zone 





Laminin 

Collagen 
Type Ill 
Type IV 
Type VI 





Keratan sulfate 

















the corresponding purified antigen. Preak 
sorbed studies were performed on fibrin: 
gen, fibronectin, laminin, and kerata 
sulfate. 

Hematoxylin-eosin staining was pel 
formed on tissue sections at each postopera 
tive interval. All tissue sections wer 
viewed on an OLYMPUS BHT epifluores 
cence microscope (Tokyo, Japan) equippe: 
with phase optics and fluorescein dichroi 
filters (with an EY 455 FITC [OLYMPUS 
narrow band filter). 


TEEPE ED 


RESULTS 


The excimer ablation acutely prc 
duced a uniform ablated region 3 mr 
in diameter. The mechanical burr kera 
tectomy produced a markedly irregu 
lar defect in the anterior corneal stro 
ma. Progressive corneal opacificatio) 
occurred in both the laser- and me 
chanically injured eyes. At 1 month 
the excimer laser—ablated zone wa 
clinically opaque (Fig 1, left). In th 
eyes that received mechanical keratec 


Fig 3.—Immunofluorescence staining pattern of fibrinogen. Top left, 24 hours after laser treatment, fibrinogen was linearly 
deposited over the ablated surface (arrows). Fibrinogen was absent over the adjacent unablated surface. Six days after 
laser (top right) or mechanical (bottom left) treatment, fibrinogen deposition is increased (arrows). Curved arrows indicate 
the epithelial surface, which showed artifactual staining in top right figure. One month after laser treatment (bottom right), 
newly synthesized connective tissue (arrows) is present above the zone of fibrinogen deposition (top left and right and 
bottom left, original magnification x 220, bar indicates 50 pm; bottom right, original magnification x 110, bar indicates 


100 um). 
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tomy, the corneal opacification at 1 
month was not homogeneous through- 
out the injured zone (Fig 1, right). 
Pachymetry readings taken preoper- 
atively and postoperatively measured 
ablation depths (Table 1) of 31 um in 
one eye that received 300 pulses and 38 
to 68 um in three eyes that received 
500 pulses. Ablation depths in the me- 
chanically injured corneas measured 
from 8 to 30 um but were difficult to 
accurately assess pachymetrically ow- 
ing to the highly irregular surface. 
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Fig 4.—Immunofluorescence staining pattern of fibronectin, 1 day 
(top left) and 6 days (top right) after laser treatment and 6 days after 
mechanical keratectomy (center left). The immunofluorescence 
pattern is similar to that observed for fibrinogen, except at 1 month. 
One month after laser (center right) and mechanical (bottom left) 
treatment, fibronectin fluorescence is observed throughout the 
newly synthesized connective tissue (arrows) (top left and center 
right, original magnification x 110, bar indicates 100 um; top right, 
center left, and bottom left, original magnification x 220, bar indi- 


cates 50 um). 


Tissue staining with hematoxylin- 
eosin at 1 week and 1 month revealed a 
seven- to 10-layered hyperplastic epi- 
thelium over the excimer and mechani- 
cal repair regions (Fig 2, left). Newly 
deposited collagen and activated kera- 
tocytes were present in the ablation 
crater of both laser- and mechanically 
treated eyes (Fig 2, right). 

The immunofluorescence staining 
patterns obtained were qualitatively 
similar for both the excimer and me- 
chanical keratectomies (Table 2). 


Fibrinogen 


At 24 hours, fibrinogen, which is not 
normally present in adult corneal tis- 
sue, was deposited linearly over the 
bare ablated surface and absent over 
the surface receiving an epithelial dé- 
bridement only (Fig 3, top left). In- 
creased deposition or diffusion was de- 
tected at 6 days (Fig 3, top right and 
bottom left). At 1 month, fibrinogen 
was detected within the corneal stro- 
ma beneath the ablated zone and was 
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Fig 5.—Immunofluorescence distribution of laminin. One day after laser treatment (left), no fluorescence is detected over 
the ablated surface (arrows). Fluorescence is present in adjacent basement membrane. One month after laser treatment 
(right), positive fluorescence for laminin occurred throughout the newly synthesized connective tissue (arrows) (original 
magnification x 220, bar indicates 50 pm). 


Fig 6.—Immunofluorescence staining pattern of type III collagen, 6 days after laser (top left) and mechanical (top right) 
treatment. A layer of type III collagen is present under the hyperplastic epithelium in the bed of the ablation zone. One month 
after laser treatment (bottom left, fluorescence; bottom right, phase contrast without stain), type III collagen is present 
throughout the newly synthesized anterior cornea (arrows) (original magnification x 220, bar indicates 50 pm). 
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Fig 7.—Immunofluorescence staining pattern of sulfated keratan sulfate 1 month after laser 
treatment. Keratan sulfate is absent in the region of newly deposited collagen (arrows) and 
Stains intensely in the adjacent stroma. Curved arrow indicates epithelial surface (original 


magnification x 220, bar indicates 50 um). 


not present in the overlying newly 
synthesized collagen and extracellular 
matrix (Fig 3, bottom right). The 
preabsorbed tissue showed no reac- 
tion. 


Fibronectin 


Fibronectin, like fibrinogen, coated 
the bare ablated surface at 24 hours, 
and less intense staining was present 
over the epithelial débrided surface 
(Fig 4, top). Increased intensity of 
staining of the anterior stroma was 
observed at 6 days (Fig 4, top right 
and center left). At 1 month, unlike 
fibrinogen, fibronectin was present 
throughout the newly synthesized col- 
lagen and extracellular matrix (Fig 4, 
center right and bottom left), with an 
even distribution in the anterior stro- 
ma of the excimer-treated tissue and a 
more patchy distribution in the me- 
chanically treated eye. The preab- 
sorbed tissue showed no reaction. 


Laminin 


At 24 hours, laminin, which is nor- 
mally present in the epithelial base- 
ment membrane, was not detected 
over the ablated surface (Fig 5, left). 
Laminin was detectable over the area 
of epithelial débridement where the 
epithelial basement membrane was 
still intact. At 1 month, laminin 
showed a staining pattern similar to 
that of fibronectin, being distributed 
throughout the newly synthesized con- 
nective tissue (Fig 5, right). 
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Type Ill Collagen 


Type III collagen was detected at 6 
days (Fig 6, top left and right) in a 
pattern similar to fibronectin in newly 
synthesized tissue immediately over 
the ablated surface. The area of depo- 
sition of type III collagen at 1 month 
(Fig 6, bottom left) directly corre- 
sponds to the repair region of newly 
synthesized collagen, as shown by 
phase contrast microscopy (Fig 6, bot- 
tom right). Type III collagen was not 
observed in untreated areas at any 
time. 


Type IV Collagen 


Type IV collagen was not detectable 
in the repair region at any postopera- 
tive period. It was present in Desce- 
met’s membrane at all periods. 


Type VI Collagen 


Type VI collagen was present in 
both untreated and healed corneal 
stroma at all time intervals. There was 
no difference in the intensity of stain- 
ing between untreated and healed 
tissue. 


Keratan Sulfate 


Sulfated keratan sulfate was present 
in the extracellular matrix in normal 
stroma at all times. At 1 month, sul- 
fated keratan sulfate was absent with- 
in the region of new collagen deposi- 
tion (Fig 7). The staining pattern of 
sulfated keratan sulfate was exactly 
the opposite of that observed for type 


III collagen, laminin, and fibronectin 
at 1 month. 


COMMENT 


Laser anterior keratectomy (photo- 
refractive keratectomy, laser anterior 
keratomileusis) has elicited widespread 
interest in refractive surgery. It has 
been suggested that excimer laser abla- 
tion is superior to mechanical keratec- 
tomy and can result in optically clear, 
stable corneas after in vivo reprofiling of 
the anterior surface."*’* We have dem- 
onstrated in optically unclear corneas 
that an identical wound healing re- 
sponse occurs with both laser and me- 
chanical keratectomies up to 1 month. 
The observed corneal opacity is possibly 
due to a combination of the following 
factors: type III collagen was deposited; 
sulfated keratan sulfate was absent 
from the extracellular matrix; Bow- 
man’s layer was absent; and an orderly 
array of collagen fibers was not present. 

The wound healing response after 
excimer laser treatment was similar to 
the response seen after mechanical 
keratectomy and other forms of corne- 
al injury.” The presence of fibronec- 
tin and fibrinogen on the bare ablated 
surface at 24 hours confirms that the 
epithelial débridement and subsequent 
laser wound initiate the deposition of 
these two extracellular matrix compo- 
nents to provide a temporary scaffold- 
ing for corneal epithelial migration and 
adhesion." The localization of fibro- 
nectin and laminin within the newly 
formed connective tissue at 1 week and 
1 month suggests a close association 
with the activated keratocytes during 
the wound healing response.” 

This investigation shows the pres- 
ence of type VI collagen in normal 
corneal stroma of primates, in accor- 
dance with previous studies from hu- 
mans” and rabbits.” The intensity of 
staining was identical in both the 
excimer- and mechanically treated 
wounds, as well as in the untreated 
corneal stroma. These results confirm 
that type VI collagen was included in 
the new connective tissue synthesized 
by the healing primate corneas. 

New collagen deposition was most 
clearly demonstrated by the localiza- 
tion of type III collagen in the new 
tissue deposited above the bed of the 
excimer- and mechanically treated 
wounds. There are conflicting reports 
in the literature concerning the pres- 
ence™” or absence”™ of type III colla- 
gen in adult corneas, but the epitope 
recognized by the monoclonal antibody 
in this study did not stain for type III 
collagen in untreated areas. Type III 
collagen deposition increased up to 1 
month, indicating that new collagen 
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was observed at 1 month in the newly 
synthesized collagen, and all treated 
-zones exhibited opacities by slit-lamp 
_ photography. The absence of sulfated 
-~ keratan sulfate is associated with cor- 
neal opacity,” especially in macular 
_ dystrophic corneas.”“” The monoclonal 
- antibody utilized in this study recog- 
- nizes the sulfated keratan sulfate re- 
gion of the keratan sulfate proteogly- 
can molecule, which has been shown to 
be the defective portion in corneas 
with macular dystrophy. ®* Another 
study has shown that keratan sulfate 
proteoglycan was still present in cor- 
neal scar tissue but in an antigenically 
altered form,” which may account for 
the masking or absence of positive 
staining in our study. 

Utilizing the fluorescent dye dichlor- 
otriazinyl aminofluorescein, Tuft et al” 
have demonstrated similar healing re- 
sponses in rabbit excimer laser anteri- 
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or keratectomies, with production of — 


new connective tissue as well as epi- 
thelial hyperplasia. This response oc- 
curred at depths from 15 to 75 pm. 
Goodman et al” also employed dichlo- 
rotriazinyl aminofluorescein to study 
laser anterior keratectomy performed 
in rabbits with a commercial ophthal- 
mic laser system. They found that the 
appearance of corneal haze correlated 
with deposition of new connective tis- 
sue, with more intense healing re- 
sponses occurring after deeper abla- 
tion. Hanna et al,” also studying 
excimer ablation in rabbits, found evi- 
dence of transient injury to the non- 
ablated stroma and endothelium un- 
derlying the ablation zone. Light and 
transmission electron microscopy dem- 
onstrated new connective tissue depo- 
sition and epithelial hyperplasia in the 
ablation zone. 

The wound healing response after 
excimer laser anterior keratectomy 
may vary with the smoothness of the 
ablation surface, which in turn may 
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depend on the uniformity of the ex. 


cimer beams spatial intensity profile. 
Improvements in the excimer laser 
delivery system may result in =: 
smoother beam profile and therefore < 
smoother ablation surface. Pharmaco- 
logic intervention may also modify the 
healing response. Further studies will 
determine whether such manipulations 
will substantially reduce the wound 
healing response and resultant opacifi- 
cation that we have demonstrated. Im- 
munohistochemical techniques are s 
sensitive means of studying the corne- 
al response to excimer laser surface 
ablation. 


Mouse monoclonal antibodies to collagen type: 
IHI tbatch number 711) and IV (batch number J3 
and keratan sulfate (batch numbers J19 and J35 
were supplied by Nirmala SundarRaj, University 
of Pittsburgh (Pa) School of Medicine. Mouse 
monoclonal antibodies to collagen type VI (batch 
numbers 3C4 and 4B10/E10) were supplied by 
Eva Engvall, Cancer Research Center, La Jolla 
(Calif) Cancer Research Foundation. 

The authors have no proprietary or financial 
interest in the devices or products used in this 
study. 


eye. Dev Biol. 1977;59:75-85. 

27. Conrad GW, Dessau W, van der Mark K. 
Synthesis of type IH collagen by fibroblasts fron 
the embryonic chick cornea. J Cell Biol. 1980 
84:501-512. 

28. Ben-Zvi A, Rodrigues MM, Krachmer JH, 
Fujikawa LS. Immunohistochemical characteriza- 
tion of extracellular matrix in the developing hu- 
man cornea. Curr Eye Res, 1986;5:105-117. 

26. Hassell JR, Cintron C, Kublin C, Newsome 
DA. Proteoglycan changes during restoration of 
transparency in corneal scars. Arch Biochem 
Biophys. 1983;222:362-369. 

30. Nakazawa K, Hassell JR, Haseall VC, Loh- 
mander LS, Newsome DA, Krachmer J. Defective 
processing of keratan sulfate in macular corneal 
dystrophy. J Biol Chem. 1984;259:13 751-13 757. 

31. Klintworth GK, Meyer R, Dennis R, et al. 
Macular corneal dystrophy: lack of keratan sulfate 
in serum and cornea. Ophthalmic Paediatr Genet. 
1986;7:139-143. 

32. SundarRaj N, Willson J, Gregory JD, Damle 
SP. Monoclonal antibodies to proteokeratan sulfate 
of rabbit corneal stroma. Curr Eye Res. 1985;4: 
49-54. 

36. SundarRaj N, Barbacci-Tobin E, Howe WE, 
Robertson SM, Limetti G. Macular corneal dystro- 
phy:immunochemieal characterization using mono- 
clonal antibodies. Invest Ophthalmol Vis Sci. 
198%;28:1678- 1686. 

34. Funderburgh JL, Cintron C, Covington HI, 
Conrad GW. Immunoanalysis of keratan sulfate 
proteoglycan from corneal scars. Invest Ophthal- 
mol Vis Sei. 1988;29:1116-1124. 

35. Tuft SJ, Zabel RW, Marshall J. Corneal re- 
pair following keratectomy: a comparison between 
conventional surgery and laser photoablation. In- 
vest Ophthalmol Vis Sci. 1989;30:1769-1777. 

36. Goodman GL, Trokel SL, Stark WJ, Mun- 
neriyn CR, Green WR. Corneal healing following 
laser refractive keratectomy. Areh Ophthalmol. 
198&;107:1799-1803. 

37. Hanna KD, Pouliquen Y, Waring GO III, et 
al. Corneal stromal wound healing in rabbits after 
193-am excimer laser surface ablation. Arch Ophth- 
almal. 1989;107:895-901. 


Keratectomy — Malley et al 













- Henry D. Jampel, MD 


) ‘Successtil glaucoma filtration sur- 
depends on the incomplete healing 
rgical wound, with formation of 
n bleb. in most other tissues, 
complete healing is the rule. | 
slored the possibility that the 
ncentration of ascorbic acid nor- 
present in aqueous humor inhibits 
d healing after filtration surgery. At 
oncentration normally present in 
“aqueous humor (1.1 mmoi/L), ascorbic 
acid decreased the plating efficiency of 
cell suspensions of human Tenon’s cap- 
-sule fibroblasts by a mean (+SD) of 
40% + 10%. When added to low-density 
TA monolayer cultures of fibroblasts, ascor- 
< pic acid decreased the cell number by 
` -90% + 5%, an effect that was completely 

prevented by catalase. When added to 
= confluent cultures, the cell number was 
ecreased by only 14% + 2%. If ascorbic 
has similar effects on fibroblasts in 
ay contribute to the incomplete 
aling that characterizes suc- 
laucoma surgery. 
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Acid Is Cytotoxic to Dividing Human 
n’s Capsule Fibroblasts 


| Possible Contributing Factor in Glaucoma Filtration Surgery Success _ 


consists primarily of loose connective 
tissue containing few fibroblasts or 
blood vessels and only small amounts 
of collagen.’ This is in contrast to the 
tendency of most tissues to completely 
heal surgical wounds with dense fibro- 
vascular scar tissue. Therefore, there 
must be distinctive features of the 
healing process in successful filtration 
surgery that result in incomplete 
wound closure. 

One feature unique to the surgical 
wound of filtration surgery is that it is 
bathed in aqueous humor. Herschler’ 
has postulated that aqueous humor 
contains a factor that inhibits cell pro- 
liferation, and this explains the lack of 
complete healing after filtration sur- 
gery. However, no such inhibitory fac- 
tor has yet been identified. 

I wondered whether ascorbic acid, 
which is present in the aqueous humor 
in concentrations (1.1 mmol/L) 25 
times greater than serum,’ might be 
one of the postulated inhibitory factors 
in the aqueous humor. As a first step 
in answering this question, I have 
studied the in vitro effect of ascorbic 
acid on fibroblasts grown from human 
Tenons capsule. These cells play an 
important role in the scarring process 


that characterize failed glaucoma 
surgery. 
MATERIALS AND METHODS 


Cell Cultures 


All cell cultures were performed in a 37°C 
incubator with 5% carbon dioxide. Determi- 
nations of cell numbers were made electron- 
ically with a Coulter counter. 













Fibroblasts 


After informed written consent was ob-` 
tained, biopsy specimens of Tenons capsule 
measuring 2x2 mm were taken from the 
superior subconjunctiva of three patients 
during glaucoma filtration surgery. Prima- 
ry cultures of spindle-shaped . cells were. 
established in 35-mm plastic Petri: dishe; 
(Corning, Corning, NY) containing minima 
essential medium (MEM) (Gibco, Grand Is 
land, NY) with 10% fetal bovine serum 
(MEM 10) (Gibeo) as a growth stimulant: 
Primary cultures were passaged at confi 
ence by trypsinization into a 75-em’ flask 
(Becton Dickinson, Lincoln Park, NJ). Sube- 
sequent passages were at a dilution of 1:3to o 

1:5 in MEM 10. Cells from passages 4°... 
through 8 were used. Only one morphologie 
cell type was present. ae 





Ascorbic Acid and Catalase 











Two formulations of ascorbic acid were 
tested: Sigma (St Louis, Mo) catalogue z 
A-1417 (American Chemical Society grade) = 
and Sigma catalogue A-4034 (cell culture — 
grade). The dry powder was stored at room ` 
temperature in its original jar. ‘Due to its. 
instability in light, the ascorbic acid was = 
added to MEM 10 and serial dilutions were 
made immediately before addition to the oe 
fibroblasts. oe 

Twice-crystallized catalase from nae ce 
liver (45 600 U of activity per milligram Of oe 
protein) was obtained from Sigma. ee 


Plating Efficiency Assay 


A suspension of 10 000 fibroblasts’ in Vm Le 
of MEM 10 was placed in each well of a- 
24-well plate: (Becton-Dickinson). ‘Six hours 
later, the wells were harvested: by. reat- 
ment with 0. 1% typi fee for 10 



























































ed. Plating efficiency was calculated as fol- 
lows: (No. of cells/10°) x 100%. 


Low-Density Cultures 


A suspension of 10 000 fibroblasts in 1 mL 
of MEM 10 was placed in each well of a 
24-well plate. Twenty-four hours later, 
when the cell density was 5 to 7.5 x 10°/em’, 
the medium was gently aspirated from the 
wells and 1 mL of various concentrations of 
ascorbic acid in MEM 10 was added. The 
ascorbic acid solutions were used within 5 
minutes of being made. Twenty-four hours 
later the cells were trypsinized (0.1%) and 
electronically counted. Data are expressed 
as a percentage of the number of cells 
present in the control wells (no ascorbic 
acid), 


Confiuent Cultures 


A suspension of 10 000 fibroblasts in 1 mL 
of MEM 10 was placed in each well of a 
24-well plate and allowed to grow to conflu- 
ence (4 to 7 days). Cell density in these 


3 


cultures was 22x10"/em*. Dilutions of 
ascorbic acid in MEM 10 were added as 
above, and the cells were harvested and 
counted 24 hours later. Data are expressed 
in the same manner as for the low-density 
culture experiments. 

All dilutions of ascorbic acid were as- 
sayed on at least triplicate wells and on 
fibroblasts from at least two patients. 


pH Determination 


The pH of the various dilutions of ascor- 
bic acid in MEM 10 was measured for both 
formulations of ascorbic acid using a cali- 
brated Fisher Accumet pH meter. 


RESULTS 


Ascorbie acid, at the concentration 
normally present in aqueous humor 
(1.1 mmol/L) decreased the plating ef- 
ficiency of cell suspensions of fibro- 
blasts by 40% (Fig 1). At 3.5 mmol/L, 
the plating efficiency was less than 


Aqueous Humor 


Concentration 


Cells, % of Control 


0.3 


wmf Low-Density Cells 
Om Plating Efficiency 
= Confluent Cells 


Ascorbic Acid Concentration, mmol/L 
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20%. Two formulations of ascorbic ac 
were tested and found to be equal 
cytotoxic to fibroblasts at low densi 
(5 to 7.5 10cm. The toxicity w: 
dose dependent with a median leth 
dose of approximately 0.7 mmol/L (F: 
1). At 1.1 mmol/L, only 10% of the cel 
remained after 24 hours. At the coi 
centration normally present in serw 
(0.04 mmol/L) there was no effect c 
cell number (data not shown). Culture 
exposed to ascorbic acid contained m 
merous floating round cells. Cells st 
adherent to the bottom of the we 
were round rather than elongated ar 
spindle shaped (Fig 2). 

When added to wells of conflue 
fibroblasts (22x 10°/em’*), 1.1-mmol/ 
ascorbic acid decreased the cell nur 
ber by only 14%=+7% (Fig 1). TI 
addition of ascorbic acid to the mec 
ium did not detectably alter the pH | 
the medium at concentrations up t 


Fig 1.—Effect of ascorbic acid on cultures of 
human Tenons capsule fibroblasts. Trian- 
gles indicate low-density cultures; open cir- 
cles, plating efficiency; and solid circles, con- 
fluent cultures. Data are expressed as the 
mean (=SD) using triplicate wells. Where 
errcr bars are not depicted they were smalier 
than the symbols. The graph represents data 
from a typical experiment, but similar results 
were obtained on multiple occasions using 
two sources of ascorbic acid and fibroblasts 
from at least two patients. 


Fig 2.—Left, Fibroblasts in minimal essenti. 
medium containing 10% fetal bovine serun 
Right, Fibroblasts adherent to the bottom : 
the well after a 24-hour incubation wi 
1.1-mmol/L ascorbic acid in minimal essenti. 
medium containing 10% fetal bovine serur 
Most cells have detached from the bottom 
the weil, leaving few cells. Cells still adhere 
have lost their spindle shape and have b 
come round (original magnification x 1000) 
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E A Catalase, U/mL 
Boce 16 566f + 682 
700 15576 + 1298 15862 
4400 15 136 + 1122 15620 
*Concentration in human aqueous humor. 


tNo. of cells per weil. 
+P < .0001; unpaired Student’s f test. 
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1.1 mmol/L. At 3.5 mmol/L, the 
highest. concentration, the pH was 
7.25, 0.2 lower than in medium alone. 
ition of catalase to the medi- 
ipletely prevented the cytotoxic 
et of ascorbic acid on low-density 
2 ltures (Table). Seven hundred units 
per milliliter of catalase afforded full 
protection even in cultures exposed to 
3.5-mmol/L ascorbic acid. 












COMMENT 


Although ascorbic acid is required 
for collagen synthesis due to its role in 
the hydroxylation of procollagen, it 
also can inhibit biologic processes. For 
example, ascorbic acid inhibits myelo- 
peroxidase, a lysosomal enzyme found 

in polymorphonuclear leukocytes pre- 
“gent in inflamed iris-ciliary bodies." 
Ascorbic acid, at very high concentra- 
tions (17 mmol/L), is cytotoxic to dense 
‘suspensions of Ehrlich ascites tumor 
cells.’ It is also cytotoxic, at concentra- 
tions of 0.05 to 0.25 mmol/L, to mono- 
layer cultures of fibroblasts derived 
from chick embryo, human embryonic 
skin and muscle, and adult human skin, 
that are grown in MEM 10.° We have 
now demonstrated that ascorbic acid, 
at a concentration normally found in 
aqueous humor (1.1 mmol/L), is cyto- 
toxic to fibroblasts derived from hu- 
man Tenon’s capsule. 
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The toxic effect of the ascorbic acid 
preparations tested was due to ascor- 
bie acid and not to either a contami- 
nant or a pH effect of the ascorbic 
acid. The effect was reproducible using 
two different sources of ascorbic acid. 
The pH of the medium was not altered 
by concentrations of ascorbic acid 
(1.1 mmol/L) that killed 90% of the 
cells. The fact that catalase was able to 
prevent cell death is further evidence 
of specific ascorbic acid toxicity. 

The probable mechanism of ascorbic 
acid toxicity is the generation of hydro- 
gen peroxide during cellular oxidation 
reactions involving ascorbie acid. ™” 
Hydrogen peroxide appears to kill cells 
by lysing cell membranes.” Catalase 
has been previously shown by others’* 
to abolish the toxic effects of ascorbic 
acid in vitro, presumably by convert- 
ing hydrogen peroxide to water. The 
hydrogen peroxide generated by oxi- 
dation of ascorbic acid must be gener- 
ated intracellularly and excreted into 
the medium, or produced at the cell 
surface, because catalase does not 
readily penetrate cell membranes.” 

The toxic effects of ascorbic acid 
observed in vitro may be relevant to 
filtration surgery. Ascorbic acid is 
much more toxic to low-density than to 
confluent fibroblast cultures. The den- 
sity of fibroblasts in functioning filtra- 
tion blebs is low’ and may be compara- 
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ble with that present in low-density 

cell cultures. Exuberant fibroblast 
proliferation is an important aspect of 
the wound healing response after un- 
successful filtration surgery, ™** 

If ascorbic acid is postulated to be 
cytotoxie to ocular surface fibroblasts 
after filtration surgery, its lack of tox- 
icity to the cells bathed by aqueous 
humor within the eye must be ex- 
plained. One possible explanation is 
that most cells in contact with aqueous 
humor are densely packed and not 
rapidly dividing. Other explanations 
are that the cells may differ in the 
amount of endogenous catalase they 
contain or they may have varying sus- 
ceptibilities to damage by hydrogen 
peroxide. 


Aqueous humor inhibits the out- 
growth of cells from explants of human 
When present in > 
concentrations of 50% or more, it is ~~ 


Tenon’s capsule.” 


cytotoxic to monolayer cultures of hu- 
man Tenons capsule fibroblasts.” The 
inhibitory component of aqueous hu- 
mor has not yet been identified. The 
data presented here suggest that one 
component may be ascorbic acid. 

Clinical studies have demonstrated 
that youth,” previous surgery,” and 
anterior segment neovascularization” 
are characteristics that predispose an 
eye to filtration surgery failure. 
Whether the ascorbic acid concentra- 
tion in the aqueous humor of such eyes 
is low is unknown. It is interesting to 
speculate that the lack of healing of. 
surgical and laser iridectomies may 
also be due in part to the toxic effect on 
dividing cells of ascorbic acid present 
in the aqueous humor. 
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Stuart R. Seiff, MD, Lopa Shah, MD 


| è The mechanism by which optic 
< Nerve sheath fenestration relieves papil- 


i -Iedema associated with increased intra- 


A cranial pressure has not been clearly 


i ‘defined. A model was constructed to 


determine if the induction of fiuid flow 
along the nerve sheath and through the 
fenestration could account for a reduc- 
tion in pressure around the optic nerve, 
as might be expected according to Ber- 
noulli’s equation of fluid dynamics. The 
model states that as the velocity of a 
fluid increases, the pressure it exerts 
decreases. The model simulated fluid 
spaces corresponding to the intracranial 
vault, chiasm, and optic nerves. The un- 
fenestrated model showed direct trans- 
mission of elevated intracranial pressure 
to the nerves, consistent with the pro- 
duction of papilledema. When one nerve 
was fenestrated, fluid flow along the 
nerve was initiated and pressure in that 


C linical experience and recent arti- 
cles’ have substantiated the effica- 
cy of early optic nerve sheath fenestra- 
tion in the management of visual loss 
related to increased intracranial pres- 
sure (ICP), especially in pseudotumor 
cerebri. Many generalized symptoms, 
such as nausea, vomiting, and head- 
ache, are also improved by the proce- 
dure, at least tempor arily. A bilateral 
effect has been noted after unilateral 
fenestration.” 
Two mechanisms of action have been 


= proposed. One is that the nerve sheath 
. fenestration allows filtration of cere- 
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A Model for the Mechanism of Optic 
Nerve Sheath Fenestration 


nerve sheath dropped substantially. In 
addition, pressure in the unfenestrated 
sheath dropped due to fluid communica- 
tion across the chiasm. These lower in- 
trasheath pressures were consistent 
with the bilateral resolution of papille- 
dema after unilateral fenestration. The 
reduced intrasheath pressures persisted 
even when the intracranial pressure was 
again elevated to pathologic levels as 
long as active fluid flow continued along 
the nerve sheaths. Thus, induction of 
cerebrospinal fluid flow along the optic 
nerve sheath by fenestration appears to 
locally reduce the pressure around the 
optic nerve, in spite of persistently ele- 
vated intracranial pressure. This is in 
accordance with what would be predict- 
ed by Bernoulli's equation. 

(Arch Ophthalmol. 1990;108:1326- 
1329) 


brospinal fluid (CSF) with a reduction 
in ICP.*” The other mechanism is that 
the operation produces fibrosis, which 
isolates the nerve from the increased 
ICP.*" Filtration seemed the most rea- 
sonable mechanism to account for the 
rapidity of onset of improvement, the 
improvement in generalized symp- 
toms, and the bilateral effect. Howev- 
er, observations of persistently in- 
ereased ICP and the return of 
generalized symptoms postoperatively 
raised questions about this mecha- 
nism. ^” 

The possibility arose that the fenes- 
tration generates CSF flow adjacent to 
the nerve with a concomitant reduction 
of local pressure around the nerve 
while ICP remains elevated. Bernoul- 
ls equation of fluid dynamics would 
seem to account for this phenomenon. 
The equation, simplified, states that 
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hydrostatic pressure decreases whe 
the velocity of the fluid increases.“ W 
constructed a model to test th 
hypothesis. 


MATERIALS AND METHODS 


Intracranial volume is estimated to | 
1900 cm? and the optic nerve sheath diam 
ter is approximately 4 mm,” The length 
the optic nerve from the posterior globe | 
the chiasm is about 50 mm.’ 

A vessel of approximately 1900 cm’, re] 
resenting the intracranial volume, was ol 
tained. This vessel was sufficiently high i 
generate a fluid pressure at its base | 
approximately 210 mm H,O, consistent wit 
elevated ICP seen in pseudotumor cerebr 
A manometer was connected at the vessi 
base to measure the ICP (Fig 1). 

Previous studies have suggested a flui 
communication of the two optic nerves vi 
the chiasm.*” Thus, at the base, fluid er 
tered an optic nerve-sized “Y” connecto: 
simulating the chiasm. Immediately dist: 
to the chiasm, plastic tubing of 4 mm i 
diameter was used to simulate the opt 
nerves. Each tube measured 50 mm. M: 
nometers were placed just distal to tł 
chiasm along each nerve to monitor tł 
fluid pressure “seen” by each nerve. 

Clamps were placed at the end of eac 
tube to create a closed three-compartmer 
subarachnoid system, consistin ng of tk 
brain and two optic nerve spaces.’ A 30-m 
syringe filled with fluid was placed at th 
top of the large vessel such that once th 
fluid was initially decreased slightly b 
“fenestration,” the ICP could be again ele 
vated to pathologic levels and maintaine 
while fluid was filtered through the nerv 
tubes. 

Several simulations were made, includin 
transmission of ICP to the nerves in th 
clesed system, a unilateral optice ners 
sheath fenestration with secondary redu 
tion of ICP, unilateral optie nerve sheat 


fenestration with return of ICP to elevate 


levels, and bilateral optic nerve sheat 
fenestrations. 
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ry 


Fig 1.—Model for pressure reduction in optic nerve sheath 


fenestration. 


RESULTS 

In the closed system, the ICP of 210 
mm H,O was transmitted to the “optic 
nerve” manometers. This represents 
the unfenestrated steady state of ele- 
vated ICP, as in pseudotumor cerebri 
(Fig 2). When the clamp on one optic 
nerve was released, simulating fenes- 
tration, ICP began dropping slowly to 
200 mm H,O, but the fenestrated optic 
nerve sheath pressure dropped rapidly 
to 55 mm H,O. The pressure in the 
“unfenestrated” nerve sheath dropped 
to 160 mm H,O, a drop of 40 mm H,O 
(Fig 3). 

Dye infusion into the unfenestrated 
sheath showed turbulent flow at its 
“chiasmal” junction, then flow of dye 
downstream along the fenestrated 
nerve. Dye instilled in the cranial bot- 
tle showed no evidence of directional 
flow after simulated nerve sheath fen- 
estration, except for the fluid within 
1 cm of the chiasm opening. Dye in this 
small, localized area moved slowly into 
the chiasm and down the fenestrated 
nerve sheath. 

When the cranial bottle was refilled 
to the 210-mm level, pressure in the 
fenestrated nerve remained at 55 mm 
H,O while the pressure in the unfenes- 
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trated nerve rose to 170 mm H,O, 
continuing the 40-mm H,O reduction in 
pressure that this system allowed (Fig 
4). When the second nerve sheath was 
fenestrated, the pressure in that nerve 
also dropped to 55 mm H,O, in spite 
of maintaining ICP at 210 mm H,O 
(Fig 5). 


COMMENT 


The bilateral effects of unilateral op- 
tic nerve sheath fenestration and the 
persistent relief from papilledema, in 
spite of a documented return of ICP to 
elevated levels, have posed troubling 
questions regarding the mechanism of 
action of optic nerve sheath fenestra- 
tion. This model illustrates that Ber- 
noulli’s equation of fluid dynamics may 
well explain this phenomenon. Ber- 
noulli’s equation states that if an in- 
compressible fluid is in streamline 
flow, then the quantity ({dv/2]+ 
hdg+P) is constant at every point in 
the fluid. Thus, (dv,/2)+h,dg+P,= 
(dv,/2)+h,dg+P,, where d indicates 
the density of the fluid; v, the velocity 
of the fluid; h, the height above some 
reference level; g, the acceleration due 
to gravity; and P, the pressure exerted 
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by the fluid.“ If the height is constant, 
as it would be for fluid moving virtual- 
ly horizontally from the chiasm to the 
optic nerve head, the equation be- 
comes (dv,/2)+P,= (dv,/2)+P,, or 
the pressure decreases as the velocity 
of the fluid increases. 

Previous studies have documented 
communications between intracranial 
CSF and the optic nerves, as well as 
between the optic nerves via the chi- 
asm.” These communications may be 
exaggerated in a chronic state of ele- 
vated ICP and are represented in the 
transmission of pressure from the cra- 
nial vessel to the optic nerve tubes in 
the steady-state unfenestrated model 
described above (Fig 2). There is virtu- 
ally no organized fluid flow in this 
situation and the pressure is uniformly 
transmitted throughout the system. 

When one nerve sheath is fenestrat- 
ed (Fig 3), pressure within the cranial 
vessel induces CSF flow into the nerve 
sheath toward the fenestration. The 
opening from the cranial vessel into 
the chiasm represents a reduction in 
the cross-section area of the fluid col- 
umn, so the fluid must accelerate, in- 
creasing its velocity (vA=constant, 
where A indicates cross-section area). “ 
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Cranium 


Optic Nerve 


Fig 2.—Steady-state transmission of increased intracranial pressure 


to optic nerves without sheath fenestration. 





Fig 3.—Reduction of pressure in both optic nerve sheaths with unilat- 
eral fenestration and resultant acute decrease in intracranial pressure. 


Bernoullis equation tells us that the 
optic nerve surrounded by this more 
rapidly flowing CSF will be subjected 
to a substantially reduced pressure 
than prior to the induction of the flow 
by fenestration. That is, as velocity 





= 55mm 


H-O 





Fig 4.— Persistent reduction of pressure in both optic nerve sheaths 


with unilateral fenestration in spite of restoration of increased intracra: 
nial pressure. Note the slight increase in pressure on the unfenestrat: 
ed side as a result of an increase in intracranial pressure. This mode 
system allowed a 40—mm H,O pressure reduction in the unfenestratec 
nerve relative to the intracranial pressure. 


=> Flow 


|| Closed 


increases, pressure must decrease and 
the optic nerve sees a pressure drop 
while the ICP may remain high. 

The chiasmal fluid communication 
between the nerves allows the flow of 
fluid into the fenestrated nerve sheath 
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Fig 5.—Pressure reduction in both optic nerve sheaths relative to 
increased intracranial pressure after bilateral optic nerve sheath 
fenestrations. 


to cause a reduction in pressure trans- 
mission down the unfenestratec 
sheath. This is demonstrated by the 
turbulent dye flow at the chiasma 
junction of the unfenestrated nerve 
and by a pressure reduction of 40 mir 
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1 t at sheath compared 
Fig 4), Thus, chiasma 






ae bilateral e effect ‘will be variable, de- 
pending on the development of the 
< chiasmal fluid communication, as has 
been noted clinically.” 

-If the chiasmal fluid communication 
is not sufficiently developed or if the 
ICP is elevated to extremely high lev- 
els, the unfenestrated nerve may not 

see a large enough pressure drop to 
: papilledema on that side. 
the second nerve will 
flow along both nerve 
ducing the pressure around 
es and helping to ensure bi- 
`- lateral relief of papilledema (Fig 5). 
~The model also explains that the 
eyes may be without papilledema or 
visual symptoms even if the ICP re- 
turns to elevated levels, as has been 
noted in the literature.~” Immediately 
after fenestration, ICP may decrease 
to low levels due to acute filtration of 
CSF (Fig 3). Such a lowering of ICP 
_ will result in a relief of systemic symp- 
toms, such as headache and nausea. 
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The pressure may remain low tem- 
porarily, but CSF production will like- 
ly increase, allowing ICP to slowly 
return to elevated levels. As the ICP 
increases, however, so does the pres- 
sure-driven flow of CSF along the 
nerve sheath and through the fenestra- 
tion. This keeps the pressure around 
the nerves low and prevents a recur- 
rence of papilledema (Fig 4). 

While filtration through the fenes- 
tration may induce fairly rapid intra- 
sheath flow, this flow is small relative 
to the total CSF volume. Therefore, 
elevated ICP and generalized symp- 
toms may return, but one would pre- 
sume that as long as the fenestration is 
open, papilledema should not recur. 
Further support for this filtration con- 
cept is provided by the demonstration 
of “filtration cysts” around optic nerve 
sheath fenestration sites noted on 
magnetic resonance imaging.” 

If the fenestrations sear closed, one 
would expect papilledema and visual 
symptoms to recur, as ICP is again 
directly transmitted down the nerve 
sheaths (Fig 2). 

This model is not a perfect represen- 
tation of the three-compartment 
CSF-filled subarachnoid space. The 
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fluid voluriié available t flow i is over- 


estimated since brain and nerve tissue — 


filling these spaces are not repre- 
sented. Further, variable resistances 
to flow caused by normal trabecula- 
tions of tissue in the fluid spaces are 
unaccounted for. These and other 
“simplifications” 
actual calculations of flow and pressure 
by Bernoulli's equation impractical. 
However, this model does help us un- 


derstand two important observations _ 


seen in patients with increased ICP 
who are treated with optic nerve 
sheath fenestration. It has shown that 


flow along one nerve may allow a re- 


duction of pressure in the unfenestrat- 


ed nerve, creating a bilateral effect. oui 


Further, the model illustrates that. the 
CSF pressure seen by the nerve may 
be significantly lower than the ICP as- 
long as the fenestration is open. and 
flow along the nerve sheath is present. 
It appears, therefore, that filtration of =- 


CSF through an open fenestration site, 
rather than isolation of the optic nerve 


from ICP via scarring, is critical to the 


ability of optic nerve sheath fenestra- 


tion to decrease papilledema. 
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tion. Prolonged use may suppress the host response and thus increase 
the hazard of secondary ocular infections. In those diseases causing 
thinning of the cornea or sclera, perforations have been known to 
occur with the use of topical steroids. In acute purulent conditions 
of the eye, steroids may mask infection or enhance existing infec- 
tion. If these products are used for 10 days or longer, intraocular 
pressure should be routinely monitored even though it may be difficult 
in children and uncooperative patients. Employment of a steroid 
medication in the treatment of patients with a history of herpes 
simplex requires great caution. Pred-G suspension is contraindicated 
in patients with active herpes simplex keratitis. Pred-G Liquifilm sterile 
ophthalmic suspension is not for injection. It should never be injected 
subconjunctivally, nor should it be directly introduced into the anterior 
chamber of the eye. PRECAUTIONS: The initial prescription and 
renewal of the medication order beyond 20 milliliters should be made 
by a physician only after examination of the patient with the aid of 
magnification, such as slit lamp biomicroscopy and, where appro- 
priate, fluorescein staining. The possibility of tungal infections of the 
cornea should be considered after prolonged steroid dosing. 
ADVERSE REACTIONS: Adverse reactions have occurred with 
steroid/anti-infective combination drugs which can be attributed to 
the steroid component, the anti-infective component, or the combi- 
nation. Exact incidence figures are not available since no 
denominator of treated patients is available. Reactions occurring 
most often from the presence of the anti-infective ingredient are 
allergic sensitizations. The reactions due to the sekold component 
in decreasing order of frequency are: elevation of intraocular pres- 
sure (IOP) with possible development of glaucoma, and infrequent 
optic nerve damage; posterior subcapsular cataract formation; and 
delayed wound healing. Burning, stinging and other symptoms of 
irritation have been reported with Pred-G. Superficial punctate ker- 
atitis has been reported occasionally with onset occurring typically 
after several days of use. Secondary Infection: The develop- 
ment of secondary infection has occurred after use of combinations 
containing steroids and antimicrobials. Fungal infections of the 
cornea are particularly prone to develop coincidentally with long- 
term applications of steroid. The possibility of fungal invasion must 
be considered in any persistent corneal ulceration where steroid treat- 
ment has been used. Secondary bacterial ocular infection following 
suppression of host responses also occurs. 
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and increased bioavailability 
of betaxolol’ 


Your patients can feel the BETOPTIC S 
difference from the start. In clinical 
studies, BETOPTIC S was significantly 
more comfortable than BETOPTIC* 
0.5% Sterile Ophthalmic Solution. 


Clinical trials also demonstrate the 
equivalent efficacy of BETOPTIC S 
and BETOPTIC solution. BETOPTIC S 
maintains IOP reduction long-term 
from twice-daily dosing. 


BETOPTIC S offers the beta-1* safety 
advantages of a selective ocular 
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BETOPTIC S Sterile Ophthalmic Suspension has produced 
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exercise caution in treating patients with excessive 
restriction of pulmonary function. The possibility of 
adverse pulmonary effects in patients sensitive to beta 
blockers cannot be ruled out. 


Contraindicated in patients with sinus bradycardia, 
greater than a first-degree atrioventricular block, cardi- 
ogenic shock, overt cardiac failure, or hypersensitivity to 
any component of this product. Use caution in treating 
patients with a history of cardiac failure or heart block. 


BETOPTIC S suspension has been well tolerated in a 
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the prescribing information. 
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BETOPTIC® S (betaxolo! HCI) 0.25% as base Sterile Ophthalmic Suspension 


DESCRIPTION: BETOPTIC S Ophthalmic Suspension 0.25% contains betaxolo! hydrochloride, a 
cardio-selective beta-adrenergic receptor blocking agent, in a sterile resin suspension formulation. 
INDICATIONS AND USAGE: BETOPTIC S Ophthalmic Suspension 0.25% has been shown to be 
effective in lowering intraocular pressure and may be used in patients with chronic open-angle 
glaucoma and ocular hypertension. It may be used alone or in combination with other intraocular 
pressure lowering medications. 

CONTRAINDICATIONS: Hypersensitivity to any component of this product. BETOPTIC S Ophthalmic 
Suspension 0.25% is contraindicated in patients with sinus bradycardia, greater than a first degree 
atrioventricular block, cardiogenic shock, or patients with overt cardiac failure 

WARNING: Topically applied beta-adrenergic blocking agents may be absorbed systemically. The 
same adverse reactions found with systemic administration of beta-adrenergic blocking agents may 
occur with topical administration. For example, severe respiratory reactions and cardiac reactions, 
including death due to bronchospasm in patients with asthma, and rarely death in association with 
cardiac failure, have been reported with topical application of beta-adrenergic blocking agents. 
BETOPTIC S Ophthalmic Suspension 0.25% has been shown to have a minor effect on heart rate and 
blood pressure in clinical studies. Caution should be used in treating patients with a history of cardiac 
failure or heart block. Treatment with BETOPTIC S Ophthalmic Suspension 0.25% should be 
discontinued at the first signs of cardiac failure. 

PRECAUTIONS: General: Diabetes Mellitus. Beta-adrenergic blocking agents should be administered 
with caution in patients subject to spontaneous hypoglycemia or to diabetic patients (especially those 
with labile diabetes) who are receiving insulin or oral hypoglycemic agents. Beta-adrenergic receptor 
blocking agents may mask the signs and symptoms of acute hypoglycemia. Thyrotoxicosis. Beta- 
adrenergic blocking agents may mask certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
Patients suspected of developing thyrotoxicosis should be managed carefully to avoid abrupt 
withdrawal of beta-adrenergic blocking agents, which might precipitate a thyroid storm. 
Muscle Weakness. Beta-adrenergic blockade has been reported to potentiate muscle weakness 
consistent with certain myasthenic symptoms (e.g., diplopia, ptosis and generalized weakness). 
Major Surgery. Consideration should be given to the gradual withdrawal of beta-adrenergic blocking 
agents prior to general anesthesia because of the reduced ability of the heart to respond to beta- 
adrenergically mediated sympathetic reflex stimuli. Pulmonary. Caution should be exercised in the 
treatment of glaucoma patients with excessive restriction of pulmonary function. There have been 
reports of asthmatic attacks and pulmonary distress during betaxolol treatment. Although 
rechallenges of some such patients with ophthalmic betaxolol has not adversely affected pulmonary 
function test results, the possibility of adverse pulmonary effects in patients sensitive to beta blockers 
cannot be ruled out. Drug Interactions: Patients who are receiving a beta-adrenergic blocking agent 
orally and BETOPTIC S Ophthalmic Suspension 0.25% should be observed for a potential additive 
effect either on the intraocular pressure or on the known systemic effects of beta blockade. Close 
observation of the patient is recommended when a beta blocker is administered to patients receiving 
catecholamine-depleting drugs such as reserpine, because of possible additive effects and the 
production of hypotension and/or bradycardia. Betaxolol is an adrenergic blocking agent; therefore, 
caution should be exercised in patients using concomitant adrenergic psychotropic drugs. Ocular: In 
patients with angle-closure glaucoma, the immediate treatment objective is to reopen the angle by 
constriction of the pupil with a miotic agent. Betaxolol has little or no effect on the pupil. When 
BETOPTIC S Ophthalmic Suspension 0.25% is used to reduce elevated intraocular pressure in angle- 
closure glaucoma, it should be used with a miotic and not alone. Carcinogenesis, Mutagenesis, 
Impairment of Fertility: Lifetime studies with betaxolol HCI have been completed in mice at oral 
doses of 6, 20 or 60 mg/kg/day and in rats at 3, 12 or 48 mg/kg/day; betaxolol HCI demonstrated no 
carcinogenic effect. Higher dose levels were not tested. In a variety of in vitro and in vivo bacterial and 
mammalian cell assays, betaxolol HCI was nonmutagenic. Pregnancy: Pregnancy Category C. 
Reproduction, teratology, and peri- and postnatal studies have been conducted with orally 
administered betaxolol HCI in rats and rabbits. There was evidence of drug related postimplantation 
loss in rabbits and rats at dose levels above 12 mg/kg and 128 mg/kg, respectively. Betaxolol HCI was 
not shown to be teratogenic, however, and there were no other adverse effects on reproduction at 
subtoxic dose levels. There are no adequate and well-controlled studies in pregnant women. 
BETOPTIC S should be used during pregnancy only if the potential benefit justifies the potential risk to 
the fetus. Nursing Mothers: It is not known whether betaxolol HCI is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when BETOPTIC S Ophthalmic 
Suspension 0.25% is administered to nursing women. Pediatric Use: Safety and effectiveness in 
children have not been established. 

ADVERSE REACTIONS: Ocular: In clinical trials, the most frequent event associated with the use of 
BETOPTIC S Ophthalmic Suspension 0.25% has been transient ocular discomfort. The following other 
conditions have been reported in small numbers of patients: blurred vision, corneal punctate keratitis, 
foreign body sensation, photophobia, tearing, itching, dryness of eyes, erythema, inflammation, 
discharge, ocular pain, decreased visual acuity and crusty lashes. Additional medical events reported 
with other formulations of betaxolol include allergic reactions, decreased corneal sensitivity, edema 
and anisocoria. Systemic: Systemic reactions following administration of BETOPTIC S Ophthalmic 
Suspension 0.25% or BETOPTIC Ophthalmic Solution 0.5% have been rarely reported. These include: 
Cardiovascular: Bradycardia, heart block and congestive failure. Pulmonary: Pulmonary distress 
characterized by dyspnea, bronchospasm, thickened bronchial secretions, asthma and respiratory 
failure. Central Nervous System: Insomnia, dizziness, vertigo, headaches, depression, and lethargy. 
Other: Hives, toxic epidermal necrolysis, hair loss, and glossitis. 

OVERDOSAGE: No information is available on overdosage of humans. The oral LD50 of the drug 
ranged from 350-920 mg/kg in mice and 860-1050 mg/kg in rats. The symptoms which might be 
expected with an overdose of a systemically administered beta-1-adrenergic receptor blocking agent 
are bradycardia, hypotension and acute cardiac failure. A topical overdose of BETOPTIC S Ophthalmic 
Suspension 0.25% may be flushed from the eye(s) with warm tap water. 

CAUTION: Federal (USA) Law Prohibits Dispensing Without a Prescription. 

U.S. Patent Nos. 4,252,984; 4,311,708; 4,342,783:4,911,920. 
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hether it’s a multi-volume work or a 
short article, you'll find the write stuff in 
the AMA Manual of Style. 
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of manuscript preparation are covered in five 
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publication @ Style èe Terminology @ Measure- 
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and Bibliography. 

You'll find everything you need to make your 
article a success including: @ Legal and Ethical 
Matters @ Grammar ® Punctuation ® Word Use 
e Foreign Words and Phrases @ Diacritics 
e Abbreviations ® Units of Measure @ Numbers 
and Percentages ® Mathematics @ Statistics 
è Production and Printing Terms @ Editing and 
Proofreading Marks è Eponyms @ Nomenclature 
e Greek Alphabet @ Virus Names @ SI Units and 
Conversion Tables @ Expanded Collection of 
Graphs and Charts @ Bibliography @ Resources 
for On-Line Databases. 

Next time you have a question about making 
your medical writing more clear, concise and 
accurate, be ready with one simple answer — the 


AMA Manual of Style. Order your copy today! 
1988/377 pp/4351-X/$26.95 

Want it faster? Call FREE 
1-800-638-0672 


from anywhere 


in the U.S. 








Yes, send me copies of AMA Manual of 
Style (4351-X) at $26.95 per copy. If not com- 
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Our latest generation of retinal cameras 
continues the Topcon tradition of 
quality, reliability and economy. 


When you make the best-selling retinal pensation devices; a small pupil feature for 
camera in the United States, there’s a temp- shooting through a pupil opening as small 
tation to leave success alone. At Topcon, as 4.5mm; cordless 35mm motor driven 
we've always resisted that temptation. camera bodies; a newly engineered base 


Our TRC-FE series led the 
market for years. Our first 
generation of variable 
angle cameras, the TRC-W 
series, set the standard for 
the industry. And now, our 
new TRC-50V and TRC- 
SOVT (with tilt) models con- 
tinue to reflect Topcon’s 
distinguished history. 


Topcon’s precision 
optics and brilliant dual 
illumination system allow 
the TRC-50 series retinal 
cameras to produce ultra 
sharp fundus photography 
using 35mm, Polaroid! 
or video formats. 


We've included a 
host of convenient 
features like: 
astigmatic and 
diopter com- 


assembly for more precise 
alignment; a stereo 
photography mode which 
eliminates angular guess- 
work; and a state-of-the-art 
electronic master control 
console. In addition, the 
TRC-50V/VT accepts a full 
compliment of inter- 
changeable filters via the 
filter access door. 


For flexibility, depend- 
ability and economy in a 
retinal camera, the TRC- 
50V series by Topcon sets a 
new standard in the indus- 
try. For generations to 
Come. 


a TRC. 50 


Retinal 
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ae TOPCON 


BRINGING THE FUTURE INTO FOCUS. 
Topcon Instrument Corporation of America, 65 West Century Road, Paramus, New Jersey 07652 (201) 261-9450. 
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Multiple Endocrine Neoplasia 


12-year-old boy presented for evalua- 
tion of bumps on the lids and dysmor- 
phic features, including a prominent lower 
jaw, pescavus of the feet, and clinodactyly 
of the fifth fingers (Fig 1). Visual acuity 
was 20/20 OU. Multiple yellowish nodules 
were found at the lid margins of all eyelids 
with minimal involvement of the palpebral 
conjunctiva (Fig 2), and examination of the 
oral surfaces revealed multiple nodules on 
the tongue (Fig 3). Slit-lamp examination 
revealed a lacy pattern of grayish-white 
thickened nerves (Fig 4). The remainder of 
the eye examination results were normal. 
Biopsy was performed on multiple en- 
larged cervical lymph nodes, and a medul- 
lary thyroid carcinoma was confirmed by 
histopathologic examination. Computed 
tomographic scan of the lungs and abdomen 
showed multiple tiny nodules throughout 
both lung fields, the mediastinum, and the 
liver, suggesting metastasis. A pheochro- 
mocytoma was not found by computed 
tomographic scanning or urine screening for 
amine by-products. 








COMMENT 





The multiple endocrine neoplasia syn- 
dromes or adenomatoses are thought to be - 
familial disorders and _ characteristically 
present with medullary thyroid carcinoma 
and an amine- or peptide-producing tumor. 
The multiple endocrine neoplasia type-IIb 
syndrome includes mucosal neuromas in 
addition to the medullary thyroid carcinoma 
and pheochromocytoma. ` 

Neuromas may be present as an early 
feature in this syndrome and may be found 
on several mucosal surfaces. Visibly thick- 
ened corneal nerves have been detected as 
early as 2 years of age and are generally 
found with no specific pattern.” Whenever 
highly visible corneal nerves are found, the 
multiple endocrine neoplasia type-IIb syn- 
drome should be considered in the differen- 
tial diagnosis. 


Fig 1.—A 12-year-old boy with mild dysmor- Fig 2.—A well-demarcated lesion on the left 
phic facial features. upper lid (neuroma). 


EDWIN WORTHAM V, MD 
CAO-XUAN NGUYEN, CRA 
Toronto, Ontario 
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Fig 3.—Multiple nodules on the margin of the Fig 4.—Bimicroscopic view of the corneal Edwin Wortham V, MD, is now in private practice 
tongue. stroma showing prominent corneal nerves. in San Leandro, Calif. 
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Surgical Technique 


Management of Lower-Lid Retraction With 
Hard-Palate Mucosa Grafting 


Robert C. Kersten, MD; Dwight R. Kulwin, MD; Shmuel Levartovsky, MD; Harry Tiradellis, MD; David T. Tse, MD 


@ Lower eyelid retraction is frequently 
managed by recession of the lower-lid re- 
tractors and interposition of a ‘‘spacer 
graft.” We have used hard-palate mucosa 
as our spacer material in 25 eyelids of 18 
patients. A graft twice the height of the 
measured amount of lid retraction was 
used and resulted in predictable, satisfac- 
tory results. The hard-palate mucosa was 
easily obtained and the donor site healed 
well in all patients, with minimal care. 

(Arch Ophthalmol. 1990;108:1339- 
1343) 


multitude of factors affect the 

resting position of the normal 
lower eyelid. These include the degree 
of horizontal lower eyelid laxity, tone, 
and length, distensibility of the lower 
eyelid retractors, the adequacy of 
palpebral and forniceal conjunctiva, 
the position of the lateral canthal ten- 
don, the amount of globe protrusion 
beyond the orbital rims, the tone of the 
eyelid protractors (orbicularis mus- 
cle), forces transmitted from the leva- 
tor complex to the lower eyelid at the 
medial and lateral canthus, head posi- 
tion, and direction of gaze.'* Because of 
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this complex interaction of factors, 
some variability in the lower lid rest- 
ing position is observed within popu- 
lations of “normal” subjects.’ Patho- 
logic changes in one or more of these 
factors may result in eyelid retraction, 
with resultant inferior scleral show, 
lagophthalmos, and exposure kerati- 
tis. 

Lower-lid retraction is usually 
caused by a relative or absolute short- 
ening of the posterior lamella and eye- 
lid retractors (the capsulopalpebral 
fascia and sympathetic muscles of the 
lower lid). Causes of absolute posterior 
lamellar shortening include thyroid 
ophthalmopathy, trauma, chemical 
burns, cicatrizing conjunctival dis- 
eases, and previous eyelid or extraocu- 
lar muscle surgery. Relative posterior 
lamellar shortening is present when 
the lower eyelid retractors and con- 
junctiva are of normal length and tone, 
but the globe protrudes abnormally 
beyond the orbital rims. Proptosis 
from any number of causes or in- 
creased axial length of the globe re- 
sults in relative posterior lamellar 
shortening leading to lower-lid retrac- 
tion. 

Occasionally, anterior lamellar 
shortening (skin deficit) or inadequate 
(orbicularis muscle) tone, as in seventh 
nerve palsy, may result in lower-lid 
retraction or, in more severe cases, 
frank ectropion. 

The surgical treatment of lower 
eyelid retraction depends on the un- 
derlying cause. In the majority of 
cases, which result from absolute or 
relative shortening of the posterior 
lamella, spacers have been advocated 
to provide increased length.** Addi- 


Hard-Palate Mucosa Grafting—Kersten et al 


tionally, in patients with marked prop- 
tosis, orbital decompression may be 
required to reposition the globes pos- 
teriorly. 

When lower-lid retraction is due to 
inadequate anterior lamellar length, 
skin augmentation is usually required 
by grafting or adjacent tissue 
transfer.’* If retraction is due to pare- 
sis of the orbicularis muscle, posterior 
spacers may help by providing vertical 
height and stiffness to support the 
lower lid. This is often performed in 
conjunction with horizontal tighten- 
ing of the lower lid. It has been our ex- 
perience that horizontal tightening 
alone does not usually result in com- 
plete and long-lasting correction of 
paralytic lid retraction. 

We describe the use of autogenous 
hard-palate mucosa as a “spacer” to 
lengthen and stiffen the posterior 
lamella of the lower lid to correct lid 
retraction. The operation has been 
performed in 25 eyelids of 18 patients 
with very satisfactory functional and 
cosmetic results. 


PATIENTS AND METHODS 


The study consisted of 18 patients oper- 
ated on by three of us (D.R.K., R.C.K., and 
D.T.T.). Ocular and adnexal examinations 
were performed on all patients. The amount 
of lower scleral show, lid laxity, adequacy of 
anterior lamella, orbicularis tone, and po- 
sition of the globes relative to the lateral 
orbital rim were noted in all patients pre- 
operatively and at subsequent visits. Pho- 
tographs were taken at the initial visit and 
after the operation. 

The causes of lid retraction and patient 
characteristics are listed in the Table. Fif- 
teen patients were believed to have absolute 
or relative shortening of the posterior 
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mS ) Patient Characteristics 








Preoperative Hertel Preoperative Inferior Postoperative 
Exophthalmometry, mm Scleral Show, mm Scleral Show, mm 
— OC OH ———.,._—_—_--—-- —eor—————_—_ 
Patient Age, Cause of Right Left Right Left Right Left 









No. y Sex Retraction Previous Surgery Eye Eye Eye Eye Eye Eye 
1 47 F Dysthyroid orbitopathy Bilateral inferior rectus 23 23 3 3 0.5 0.5 
(thyroid) recession 
Thyroid Bilateral upper-lid 
recession 
3 57 F Thyroid Bilateral orbital 19 19 3 3 0.5 0 
decompression 


Thyroid 1. Left orbital 
decompression 
2. Recession, left inferior 
rectus 


5 23 F Thyroid None 19 20 2 2 (0) (0) 


Thyroid . Bilateral orbital 
decompression 
. Bilateral inferior rectus 
recession 
. Left upper-lid 
recession 
Thyroid . Bilateral orbital 
decompression 
. Bilateral upper-lid 








recession 
M Seventh nerve palsy Underwent lateral canthal 
secondary to resuspension at time of 
parotidectomy hard-palate grafting 
M Incompletely excised Right lateral orbitotomy 
orbital lipoma 
Seventh nerve palsy Gold-weight implant to 
following removal of upper lid performed at 
rhabdomyosarcoma same time as 
at age 3 years hard-palate graft 
11 63 F Thyroid Bilateral inferior rectus 21 21 4 4 O 0 
recessions 
12 72 F Seventh nerve palsy None 16 16 3 pate 1 


Idiopathic nocturnal 
lagophthalmos 
and scleral show 





Posttraumatic Repair of facial fractures 
cicatricial 
retraction 
70 M Thyroid Left inferior rectus 
recession 
16 41 F Thyroid Left vertical rectus 27 27 4 3 (0) 0) 
recession 


Thyroid Two previous vertical rectus 
recessions 


Fig 1.—Harvesting of hard-palate mucosa, leaving underlying mucope- Fig 2.— Recipient bed created by the recession of conjunctiva and low- 
riosteum intact. er-lid retractors (seen grasped in forceps). 
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Fig 4.—Top, Preoperative appearance of patient 1 with 3 mm of inferior 
scleral show bilaterally. Bottom, Appearance 2 years after surgery with 
less than 0.5 mm of inferior scleral show on both sides. 


Fig 5.—Top, Preoperative appearance of patient 10. Scleral show sec- 
ondary to long-standing right-sided seventh nerve palsy. Bottom, 
Appearance 19 months after surgery with complete correction of right 
inferior scleral show following the placement of hard-palate mucosal 
graft and lateral canthoplasty. 

Fig 3.—Top, Appearance of the graft at the end of the procedure; it is 

sutured to the tarsus superiorly and to the retractors and conjunctiva in- 

feriorly. Bottom, Sagittal schematic view of graft position (arrow). 

í 





Fig 6.— Appearance of hard-palate mucosa graft (patient 1), 27 months 
after surgery. The vertical height showed less than 10% shrinkage com- 
pared with intraoperative graft measurements. 
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< jamella, most often due to dysthyroid orb- 
= itopathy, and three patients had inade- 
‘quate orbicularis tone due to seventh nerve 
palsy. 


TECHNIQUE 
Harvesting of Hard-Palate Mucosa 


The surgery is usually performed under 
local anesthesia using a side-mouth gag. 
_ Harvesting of the mucosa was performed 
- either by the ophthalmic plastice surgeon or 
-by an oral surgeon. The graft is taken from 
the hard palate between the alveolar ridge 
and the midline, extending posteriorly to 
within 1 to 2 mm of the soft palate. The 
graft is harvested laterally to the midline 
since the mucosa is too thin centrally. A 
mixture of equal amounts of 2% lidocaine 
with 1:100 000 epinephrine and 0.75% bupi- 
vacaine is used to balloon the mucosa from 
the underlying mucoperiosteum. The graft 
is typically 30 mm long and 10 mm wide 
when harvested. Two parallel incisions that 
are the desired length of the graft are made 
through the mucosa, with care being taken 
to avoid penetration through its underlying 
mucoperiosteum (Fig 1). The hard-palate 
mucosa is elevated with blunt and sharp 
dissection using iris scissors and a No. 15 
blade. Posteriorly, care is taken to avoid 
damage to the palatine artery, which 
courses through the deep submucosal tissue 
at the junction of the hard and soft palates. 

When the graft has been removed, hemo- 
stasis is obtained and the defect is covered 
with collagen and periodontal paste. The 
adherent mucous glands and submucosa 
are dissected from the undersurface of the 
graft. 





Eyelid Surgery 


































At the time of anesthetic infiltration of 
- the hard-palate mucosa, infiltration of the 
lower eyelid(s) is also performed. Guthrie 
skin hooks are used to distract the lower lid 
from the globe and to evert it over a cotton- 
tipped applicator. An infratarsal incision is 
made through conjunctiva and lower-lid 
retractors, extending from the punctum to 
the lateral canthus. Scissors are used to 
dissect inferiorly between the orbicularis 
muscle and the orbital septum to allow the 
conjunctiva, retractors, and septum to 
maximally recess (Fig 2). 

The graft is then trimmed for placement. 
It is usually about 25 mm in length, with a 
height twice that of the preoperative 
amount of retraction. In patients with sig- 
nificant proptosis the lateral portion of the 
graft may be cut wider than the medial 
portion to minimize temporal “flare” of the 
lower lid. 

The graft is placed into the space between 
the inferior border of the tarsus and the 
superior edge of the recessed conjunctiva 
= and retractors, with the mucosal surface 
. toward the globe. The inferior border of the 
= graft is sutured to the recessed retractors 
. and conjunctiva with one arm of a running 
_ double-arm 6-0 chromic suture. The supe- 
-` rior edge of the graft is sewn to the inferior 
border of the tarsus with a second double- 
armed 6-0 chromic suture. When this has 
been completed, the four needles of the 6-0 
-- chromic sutures are then passed full thick- 


ness through the lid, exiting the skin sur- 
face. Each suture end is then tied with a 
bulky knot on the skin surface (Fig 3). An- 
tibiotic ointment is applied to the lower 
fornix and the lid skin. 


RESULTS 


Follow-up of patients included in 
this study ranged from 4 to 33 months, 
with a mean of 11.6 months. Postoper- 
ative examination included assess- 
ment of the patients’ subjective relief 
of symptoms, slit-lamp evaluation of 
the anterior segment, and objective 
measurements of lid position and 
lagophthalmos. Measurements of graft 
height and length were also made. 

The comparisons of preoperative 
and postoperative scleral show are 
seen in the Table. In 23 eyelids the final 
lower-lid resting position was within 
0.5 mm of the limbus in primary gaze, 
and in 2 eyelids it was within 1 mm 
(Figs 4 and 5). Comparison with intra- 
operative graft measurements showed 
that less than 10% shrinkage occurred 
as the graft healed in place (Fig 6). 

Hard-palate mucosa has a kerati- 
nized, stratified, squamous epithelium 
unlike the rest of the oral mucous 
membrane, which is nonkeratinized. 
In the initial postoperative period the 
keratin layer continued to accumulate 
and resulted in occasional complaints 
of discharge and mattering. Over time, 
metaplasia to nonkeratinized mucosa 
occurred and at the 6-month follow-up 
only one patient was bothered by ker- 
atin accumulation on the surface of the 
graft. 

The donor site was allowed to gran- 
ulate and the surface healed com- 
pletely within 2 to 3 weeks. Although a 
mechanically soft diet was required in 
the initial few postoperative days, no 
patients had complaints attributable 
to the donor site after reepithelializa- 
tion was complete. 


COMMENT 


Dysthyroid orbitopathy is a com- 
mon cause of lower-lid retraction and 
was the most common cause of retrac- 
tion in our series of patients. This eye- 
lid malposition may result in lagoph- 
thalmos and exposure keratitis, as well 
as poor cosmesis. 

Patients with dysthyroid orbitopa- 
thy, who are candidates for decom- 
pression and/or strabismus surgery, 
should first undergo these procedures 
since they may influence the amount of 
lid retraction. Surgical management 
of lid retraction should be undertaken 
only after the impact of orbital or ex- 
traocular muscle surgery has pla- 
teaued. 

Many different procedures have 
been proposed to correct lower-lid re- 
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traction. Inferior retractor weakening 
by removal of sympathetic muscle in 
the lower eyelid was recommended by 
Henderson’ in 1966, and recession of 
the capsulopalpebral fascia was sub- 
sequently described by Harvey and 
Anderson. These procedures may be 
used to treat mild cases of lid retrac- 
tion, but they are generally ineffective 
for treatment of moderate to large 
amounts of lower-eyelid retraction. 

Attention has largely focused on the 
use of various “spacers” to add length 
to the lower-lid retractors. Many dif- 
ferent materials have been used, in- 
cluding autogenous, homologous, and 
synthetic grafts. Autogenous grafts 
have included ear cartilage, tempora- 
lis fascia, fascia lata, nasal septal car- 
tilage, tarsus, and periosteum.>”®!!"4 
Homologous donor sclera*®!!5 and, 
more recently, synthetic polytetra- 
fluoroethylene grafts have been used.'* 
The large number of proposed graft 
substances indicates the ongoing 
search for an ideal material. 

Historically, donor sclera has en- 
joyed the most popularity, but authors 
vary widely on recommendations con- 
cerning the height of sclera required to 
correct a given amount of retrac- 
tion.**%!0/41517 Selera has been observed 
to undergo a variable amount of post- 
operative shrinkage, perhaps repre- 
senting some degree of graft rejection. 
This has resulted in erythema of the 
lids, variable soft-tissue bulk second- 
ary to variable fibrosis, and an unpre- 
dictable final lid height.” 

Donor sclera lacks a mucosal sur- 
face, and authors disagree as to 
whether it should be covered by con- 
junctiva after its placement. Covering 
it with conjunctiva mitigates the effect 
of the retractor recession, as conjunc- 
tiva is fused with the lower eyelid re- 
tractors below the inferior tarsal bor- 
der. However, leaving it bare may re- 
sult in increased absorption. 

More recently, ear cartilage has be- 
come increasingly popular as an alter- 
native to donor sclera.*'*" It is rela- 
tively easy to obtain, but is often 
thicker than lower-lid tarsus and is 
exceedingly stiff, thus resulting in an 
immobile lower eyelid. It can be diffi- 
cult to contour, resulting in a notice- 
able lid irregularity. It also lacks an 
epithelial surface, and while it usually 
is reepithelialized by adjacent con- 
junctiva, we have seen several cases 
that have remained exposed and even- 
tually required removal. 

Free tarsal grafting to elevate the 
lower-lid margin was proposed by 
Obear and Smith" in 1965. This oper- 
ation provides many of the advantages 
of hard-palate mucosal grafting, ie, an 
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ed. surface of sanperting 
the same consistency 
as lower-lid tarsus. Tar- 
e taken from the ipsilat- 
ontralateral upper lid and 
l as spacers in the lower lid. 
‘main disadvantage of this tech- 
que is that it requires surgery on a 
parate eyelid, and that lid is also 
requently affected by the dysthyroid 
phthalmopathy. In addition, the 
mount of graft material is limited by 
he amount of tarsus that can be re- 

m an upper eyelid without 
ge in lid height or con- 
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The use of hard-palate mucosa 
grafts for replacement of absent pos- 
terior lamella in lower-lid reconstruc- 
tion following tumor removal was de- 
scribed by Siegel in 1985. Recently, 
Bartley and Kay” described its use to 
correct severe cicatricial entropion. 

To our knowledge, this is the first 
description of hard-palate mucosa 
used as a spacer to correct lid retrac- 
tion. Hard-palate mucosa closely ap- 
proximates lower-lid tarsus in terms 
of contour, thickness, and stiffness. It 
has a mucosal surface and is well tol- 
erated when grafted into the lower lid. 
Hard-palate mucosa is abundant and 
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We consider hard-palate mucosal - 
grafts to be the best available spacer - 
material for treatment of eyelid re- 
traction. They provide a predictable. 
and functionally and cosmetically ex- 
cellent result when grafted in the 
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Continuing Education for Ophthalmologists 


. This list of continuing education opportunities for ophthalmologists is published 
monthly. as a service to readers to help them keep abreast of meetings and courses of 
interest and importance. Presented by regional and national location, the list is updated 
monthly and provides an easy reference to continuing medical education (CME) courses. 
Accredited sponsors are encouraged to notify the ARCHIVES of upcoming CME activities for 
inclusion in the list free of charge. Listings will be published for 3 consecutive months and 
ould be received at least 5 months prior to date of course, eg, for a June course by Jan 
‘be included in the March, A pril, and May issues. A course held between the first and 
Sth. days, inclusively, will appear in the preceding month’s issue. The listing cannot be 
ublished unless it contains the following information: title, location, date(s), sponsor(s), 
‘and contact address. Optional information includes CME category 1 hours of instruction, 
registration fee, and guest speakers. Listings should be typed double-spaced with 2-in left 
and right margins. Send submissions to Anne Meitzer, Archives of Ophthalmology, CME, 
600. N Wolfe St, Baltimore, MD 21205. Readers are encouraged to contact the accredited 
sponsor for more detailed information. 
ARIZONA Ophthalmol Cont Educ Prgms 1989-1990 At: Los 
Angeles Dates: throughout 1990 Sponsor: Jules 
Stein Eye Inst and Dept of Ophthalmol, UCLA 
Seh of Med Contact: Gretchen Falvo, Dir, Ac- 
ademic Prgms; (213) 825-4617 


The Ana Mtg of the American Coll of Veterinary 
-Ophthalmologists At: Scottsdale Dates: 10/10/ 
- 90 to 10/14/90 Contact: Judy Schramm, Cortez 
Travel Inc, 117 Lomas Santa Fe Dr, Solana 
- ‘Beach, CA 92075; (619) 755-5136 


Controversies in Ophthalmol; Focus on Diabetes 
At; Los Angeles Dates: 9/27/90 to 9/28/90 Hrs 
instr: 14 Reg Fee: $395, practicing physicians; 


CALIFORNIA 


Uveitis & Retina Frontiers: Diagnostic, Med, & 













~ Surg Approaches to Uveitis & Retinal Disease 
At: Carmel Dates: 9/14/90 to 9/15/90 Hrs Instr: 
12 Reg Fee: $395 Contact: Extended Prgms in 
Med Educ, Univ of California, Room C-124, San 
Franciseo, CA 94143-0742; (415) 476-4251 
Uveitis/Retinal Frontiers At: Carmel Valley 
-. Dates: 9/14/90 to 9/16/90 Contact: Univ of Ca- 
-- Hf, Extended Prgms in Med Educ, Room U-589, 
San Francisco, CA 94148-0742; (415) 476-4251 


submission, contact: 


$195, USC active voluntary faculty; $100, re- 
tired physicians, allied health personnel, and 
ophthalmology residents & fellows Contact 
Dave Carpenter, Dir, CME, Doheny Eye Insti- 
fute, 1355 San Pablo St, Los Angeles, CA; (213) 
342-6680 


Corneal and Refractive Surg for the Anterior 
Segment Surg: A Symp Commemorating Max 


announces the 


Social & Scientific Systems 
7101 Wisconsin Avenue, Suite 610 
Bethesda, MD 20814-4805 


(301) 986-4870 


(301) 913-0351 FAX + (301) 986-4951 TDD 


- Fine, MD At: San Francisco 9/21/90 to 9/22/90 
Reg Fee: $350 before 8/31/90; $395 after 8/31/ 


90; $125, resident physicians (with letter of ver- _ 2 
ification) Contact: Pacifie Vision Found, 2340 +X 


Clay St, Suite 124, San Francisco, CA 94115; 
(415) 923-3423 


Masters of Ophthalmol At: San Francisco Dates: 
10/5/90 to 10/6/90 Hrs Instr: 16 Contact: Mas- 
ters of Ophthalmol, PO Box 640350, San Fran- 
cisco, CA 94164; (415) 441-1057 


The Ophthaimo! Rev Course Honoring Crowell 
Beard, MD, At: San Francisco Dates: 11/8/90 to 
11/13/90 Reg Fee: 6-day course, $690, physi- 
cians, $460, residents; extra mock orals day, $50; 
repeating course within 2 years, $345 Contact: 
Joseph H. Selliken, Jr, MD, The Osler Inst, 1094 
Dawn Lane, PO Box 2218, Terre Haute, IN 
47802; (800) 356-7537 or (812) 299-5658 


New ideas on Common Retinal Disorders At: San 
Francisco Dates: 12/13/90 to 12/14/90 Spon- 
sor: Dept of Ophthalmol, Univ of California Sch 
of Med at San Francisco Contact: Extended 
Prgms in Med Educ, Room C-124, Univ of Cal- 


ifornia, San Francisco, CA 94143; (415) 476-4261 


Therapeutic Ultrasound for Glaucoma At: Santa B 


Clara Date: 9/22/90 Contact: Denise or Daria, 
San Jose Eye Ctr, 4585 Stevens Creek Blvd, 
Suite 200, Santa Clara, CA 95051; (408) 296-0100 
or Clare Kilgore, Sonocare Inc, 21 Industrial 
Ave, Upper Saddle River, NJ 07458; (201) 825- 
7550 


Therapeutic Ultrasound for Glaucoma At: Santa 
Monica Date: 12/7/90 Contact: Mary Martin, 
Found for Ophthalmic Educ, 2232 Santa Monica 
Blvd, Santa Monica, CA 90404; (213) 829-4711 or 
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The National Eye Institute, National Institutes of Health 


Third National Eye Institute Symposium on 
Eye Disease Epidemiology 


Monday, March 25 - Wednesday, March 27, 1991 
Hyatt Regency Bethesda, Bethesda, Maryland 


The goals of the symposium are: toprovide a forum for the presentation and discussion of the results 
and methods of research on the epidemiology of eye diseases, including clinical trials; to provide 
directions for the future; and to stimulate research in this field. 


To obtain a registration form and to receive information regarding abstract* 


Ms. Johanna McDonough, Senior Conference Specialist 


* Deadline for receipt of abstracts is November 30, 1990. 
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Basic science and clinical 
applications of a new 
immunosuppressive agent 


Topics: 

° 

Clinical applications in transplan- 
tation and autoimmune diseases 
° 

Experimental transplantation and 
autoimmune diseases in animal 
models 

Pharmacologic effects in animals 
and humans 

° 

Preclinical investigations, with 
emphasis on cellular immunology 
and molecular biology 


This special conference will be of 
interest to all health professionals 
and basic scientists who have 
worked or will work with FK 506. 
Presentations will include invited 
speakers and peer-reviewed 
papers. The deadline for submit- 
ting abstracts is February 1, 
1991. 


For further information please 
contact: 

University of Pittsburgh 

Center for Continuing Education 
for the Health Sciences 

200 Meyran Avenue, First Floor 
Pittsburgh, PA 15213 

Telephone: 412-624-1023 

FAX: 412-624-1713 














August 21-24, 1991 


David L. Lawrence 
Convention Center 


Pittsburgh, 
Pennsylvania, U.S.A. 


Sponsored By: 
University of Pittsburgh 
and 

Fujisawa Pharmaceutical 
Company, Ltd. 
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Kilgore, Sonocare | Ine, 21 Industrial Ave, 
; Upper Saddle Rive er, NJ 07458; (201) 825-7550 


FLORIDA 


Uveitis for the Practicing Ophthalmologist At: 
.. Miami Dates: 1/18/91 to 1/19/91 Hrs instr: 9.5 
i Reg Fee: $225 Contact: Bascom Palmer Eye 
> Inst, PO Box 015869, Miami, FL 33101, (305) 
~~ 826-6099 


GEORGIA 


‘Adv. Vitreoretinal Surg At: Atlanta Dates: 10/26/ 
. 90 to 10/27/90 Sponsor: The Emory Eye Ctr of 
.. Emory Univ Sch of Med Contact: CME, Emory 

- Univ Sch of Med, 1440 Clifton Rd, NE Atlanta, 
_ GA 30322; (404) 727-5695 





-internati Soc of Refractive Keratopiasty Pre- 
~ Academy Symp and Demonstration Session 
At: Atlanta Dates: 10/26/90 to 10/27/90 Hrs in- 
gtr: 8 Reg Fee: $225 Contact: Catherine M. 

- Brod, Exec Dir, ISRK, 1855 W Taylor St, Chi- 
cago, IL 60612; (812) 996-4747 


- 21st Ann Sci Symp At: Atlanta Date: 10/27/90 
Sponsor: Am Soc of Ophthalmic Plastic & Re- 
construction Surg Contact: Paul T. Gravaris, 
MD, Prgm Chrmn, 1990, ASOPRS, 4910 Massa- 
chusetts Ave, NW, Suite 21, Washington, DC 
20016; (202) 686-0239 


Third internat! Cong on Laser Surg of the Cornea 
At: Atlanta Dates: 11/2/90 to 11/3/90 Reg Fee: 
$400 before 9/1/90; $500 after 9/1/90 Contact: 
CME, Emory Univ Sch of Med, 1440 Clifton Rd, 
NE, 111-A WHSCAB, Atlanta, GA 30322; (404) 
727-5695 


HAWAII 


42th Ann Royal Hawaiian Eye Mtg At: Honolulu 
Dates: 1/19/91 to 1/26/91 Hrs Instr: 28 Contact: 
Mary Charles & Assoc, 2334 S. King St, Suite 
205, Honolulu, HI 96826; (808) 942-9655 















MANHATTAN EYE, EAR 
& THroaT HOSPITAL 


Course Director: 


‘ILUNOIS” 


The Univ of Illinois at Chicago ‘Eye Ctr. Second 2 


Ann Mtg At: Chicago Dates: 9/14/90.to 9/15/90 
Hrs Instr: 14 Reg Fee: $300, physicians, $150, 
residents Contact: UIC Eye Ctr (M/C 648), 
Catherine M, Brod, Prem Dir, 1855 W Taylor St, 
Chicago, IL 60612; (812) 996-4747 


KENTUCKY 


Seventh Ann Ophthalmol! Sem: Ophthaimic in- 
sights Into the 90s At: Louisville Date: 9/22/90 
Hrs Instr: 3.5 Reg Fee: $50 Contact: Norman D. 
Radtke, MD, 240 Audubon Med Plaza, Louis- 
ville, KY 40217; (502) 636-2823 


Fifth Ann Multispecialty Oculopiastic Surg Symp 
At: Lerington Dates: 9/28/90 to 9/29/90 Con- 
tact: Karen Heidorn, The Ctr for Adv Eye Surg, 
Humana Hospital-Lexington, 150 N Eagle 
Creek Dr, Lexington, KY 40509; (606) 268-3754 


MARYLAND 


Diabetic Retinopathy in 1990 At: Baltimore Date: 
11/16/90 Hrs Instr: 8.5 Reg Fee: $225, $110 (res- 
idents, fellows, & allied health professionals) 
Sponsor: The Wilmer Inst Contact: Prog Co- 
ord, The Johns Hopkins Med Institutions, Of- 
fice of Cont Educ, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959 


The Wiimer inst Third Ann Curr Concepts in Oph- 
thaimo! & a Phaco “Wet Lab” At: Baltimore 
Dates: 12/6/90 to 12/8/90 Hrs instr: 20 Reg Fee: 
$300, $250 (residents & fellows), $250 (Phace 
“Wet Lab”) Contact: Prog Coord, The Johns 
Hopkins Med Institutions, Office of Cont Educ, 
Turner Bldg, 720 Rutland Ave, Baltimore, MD 
21205; (310) 955-2959 


Third National Eye inst Symp on Eye Dis Epide- 
miology At: Bethesda Dates: 3/25/91 to 3/27/91 
Contact: Johanna McDonough, Senior Conf 
Specialist, Social & Sci Systems, 7101 Wiscon- 


sin Ave, Suite 610, Bethesda, MD 20814-4805; 


{301} 986-4870 
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Lawrence A. Yannuzzi, M.D. 
Faculty: Alan C. Bird, M.D., J. Donald Gass, M.D., Howard Schatz, M.D., Lawrence Yannuzzi, M.D. 
This is an advanced program for retinal specialists. Interesting and unusual cases will be presented to illustrate 
new observations, to reconcile existing controversies and to stimulate provocative discussions. 
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MASSACHUSETTS 


Harvard Med Sch Postgrad Course in Current 


Concepts in Neuroradiology, Head, and Neck 
Radiology, and Neuro~MRi At: Boston Dates: 
10/1/90 to 10/5/90 Hrs Instr: 40 Reg Fee: $620, 
combined course, $480, residents/fellows, $480, 
for neuroradiology (10/1 te 10/3), $430, head 
and neck radiology (10/4 to 10/5) Contact: 
Harvard Med Sch, Dept of CME, Boston, MA 
02114; (617) 432-1525 


MINNESOTA 


14th Ann Current Trends in Ophthaimol At: 
Bloomington Date: 10/6/90 Contact: Phillips 
Eye Inst, 2215 Park Ave 5, Minneapolis, MN 
55404; (612) 872-5309 


NEW YORK 


A Clin Day in Ophthalmol: Cataract Topics At: 
East Elmhurst Date: 9/26/90 Reg Fee: $150, $75 
(residents & fellows) Sponsors: Dept of Oph- 
thalmol, Long Island Jewish Med Ctr & Dept of 
Ophthalmol, North Shore Univ Hosp/Cornell 
Univ Med Ctr Contact: Ann J. Boehme, CMP, 
Assoc Dir for Cont Educ, Long Island Jewish 
Med Ctr, New Hyde Park, NY 11042; (718) 470- 
8650 


Basic Sci Course in Ophthalmol At: New York 


Dates: 9/5/90 to 12/31/90 Hrs Instr: 154 Reg © 
Fee: $1100 Contact: NY Univ Med Ctr, Post- . 


Grad Med Sch, 550 First Ave, New York, NY 
10016; (212) 340-5295 


Corneal Refractive Laser Surg: A Crit Appraisal 
of Current Lasers & Methods At: New York 
Date: 9/15/90 Hrs Instr: 7 Reg Fee: $250, phy- 
sicians; $150, residents and fellows in training 
Contact: Ctr for Cont Educ, 630 W 168th St, 
New York, NY 10032; (212) 305-3682 
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FALL & WINTER 


1990-1991 COURSES 


1990 GLOVER-LISMAN PROFESSORSHIP 
Manus C. Kraff, M.D., University of Illinois, Chicago 


Course Directors: Raymond Harrison, M.D. & Maurice Luntz, M.D. 
This seminar, which will include twenty presentations and discussions, will review contemporary glaucoma practice. 


THE MASTERS OF OPHTHALMIC PLASTIC SURGERY 
Guest Surgeons: Richard L. Anderson, M.D., Charles R. Leone, Jr., M.D., Orkan G. Stasior, M.D. 
20 Live Surgery cases will be presented. Topics include orbital, lacrimal, ptosis and socket surgery, blepharoplasty, 
ectropion and entropion correction; cryosurgery; enucleation; thyroid eyelid malposition; dermis fat grafting. 


| CME Category I Accreditation available. All courses will be held at Manhattan Eye, Ear & Throat Hospital in New York City. 
7 ame For further information contact: Kimberly Corbin, Course Coordinator, Department of Ophthalmology, 
Manhattan Eye, z Ear & Throat Hospital, 210 East 64th Street, New York, New York 10021 oe aaa 761 FAX (212) 753-7699 








The Wilmer Institute 
The Johns Hopkins Medical Institutions 


| An Update On Refractive Corneal Surgery 
ARK, Excimer Laser, and Epigraft), Cataracts, 


J mulsification, IOLs, Lasers, Glaucoma, 


Strabismus, Uveitis, Retinal Diseases, and 
ther Recent Developments 
New Course Additions: 


l _ e Hands-On Excimer Laser Wet Lab 
(Maryland - additional fee) 


¢ Hands-On Phacoemulsification Wet Lab 
(Maryland and Colorado - additional fee) 


ae at a Automated Visual Fields Interpretation 


-and Use of Statistical Analysis 
Symposium (Maryland, Puerto Rico, and 
Colorado - included in registration fee) 


DORADO, PUERTO RICO 


FE 1B 3th Annual ae 


Course Directors 
Walter J. Stark, M.D. 


© | || David L. Guyton, M.D. 
-Faculty 


ohn D. Gottsch, M.D. 
Richard Green, M.D. 
2 A. Haller, M.D. 
‘David A. Karcher 
Stephen. D. Klyce, Ph.D. 
Douglas D. Koch, M.D. 
A. Edward Maumenee, M.D. 
Marguerite B. McDonald, M.D. 
onald G. Michels, M.D. 
anG. Palestine, M.D. 
Harry A. Quigley, M.D. 
Hunter R. Stokes, M.D. 
Others To Be Announced 


Credit: 30 AMA Category | 
Registration Fee: 3909, 190 (those in training) 


3rd Annual Meeting 
December 6 - 8, 1990 
Course Directors : 

Walter J. Stark, M.D. 
Neil R. Miller, M. Do: 
Faculty a 
Special Guest Lecturers. 
Douglas D. Koch, M.D: 
Robert B. Nussenbiatt, MD. 
Morton F. Goldberg, M.D. 
Stuart L. Fine, M.D. © 
W. Richard Green, M.D. — 
David L. Guyton, M.D. - 
Douglas A. Jabs, M.D. ` 
A, Edward Maumenee, M.D. _ 
Irene H. Maumenee, M.D. . 
Travis A. Meredith, M.D. 
Arnall Patz, MD 
Harry A. Quigley, M.D: 
Alfred Sommer, M.D. 
ae meres Institute Pacuy 


Credit: 20 AMA Gaidaen) ei 
Registration Fee: $300, $250 (those in training) < 


VAIL, COLORADO || 


8th Annual Meeting 
March 9 ~ 16, 1991 


(corresponds with spring break for many schools) 


Course Directors © 
Walter J. Stark, M.D. 
Harry A. Quigley, M.D. 


Faculty 
Jack T. Holladay, M.D. — 
H. Dunbar Hoskins, Jdr., M.D. _ 
Douglas A. Jabs, M.D. 
Manus C. Kraff, M.D. 
Travis A Meredith, M.D. = 


Ronald G. Michels, M.D. | 


Ronaid E. Smith, M.D. 
George O. Waring, Ill, M.D.. 
Others To Be pnnounced 


Credit: 30 AMA gare / 
Registration Fee: $500, $350 oo is. traini 


informeition: Office of Continuing Education, The Johns Hopkins Medical Institutions, 
‘Turner Building, 720 Rutland Avenue, Baltimore, Maryland 21205-2195, (301) 955-2959 




























































oe - Glaucoma ‘gem At New York Date: 11/10/90 — 
Sponsor: Dept of Ophthalmol, Manhattan Eye, 


. York Date: 9/15/90 Sponsor: Deptt of A 
_ mol, Manhattan Eye, Ear & Throat Hosp Con- 

tact: Kimberly Corbin, Course Coord, Dept of 
Ophthalmol, MEETH, 210 E 64th St, New York, 
NY 10021; (212) 605-3761 


A Manhattan. Eye, Ear & Throat Hosp Fall & Winter 
= 1990-1991 Courses At: New York Dates: 9/ 
15/90, 10/5/90 to 10/6/90, 11/10/90, and 1/12/ 
91 Contact: Kimberly Corbin, Course Coord, 
Department of Ophthalmol, Manhattan Eye, 
- Ear & Throat Hosp, 210 E 64th St, New York, 
» NY 10021; (212) 605-3761 


-New York Fluorescein Angiography Ciub Mtg At: 
_. New York Date: 9/25/90 Contact: Lawrence A. 
_ Yannuzzi, MD, Manhattan Eye, Ear & Throat 

- Hosp, 201 E 64th St, New York, NY 10021; (212) 
605-3777 


- Glover-Lisman Professorship (Manus C. Kraff, 
_ MD) At: New York Dates: 10/5/90 to 10/6/90 
- Sponsor: Dept of Ophthalmol, Manhattan Eve, 
Ear & Throat Hosp Contact: Course Coord, 
Dept of Ophthalmol, MEETH, 210 E 64th St, 
New York, NY 10021; (212) 605-3761 


New York Soc for Clin Ophthalmol Fall Symp At: 
New York Date: 10/13/90 Contact: Francine 
Leinhardt, Course Coord, 210 E 64th St, New 
York, NY 10021; (212) 838-9200 ext 2776 


The LuEsther T. Mertz Vitreous-Retina-Macula 
Lectures At: New York Dates & Speakers: 10/ 
16/90-Bert Glaser, MD; 1/15/91-Froncie A. 
Gutman, MD; 3/19/91-James J. Augsburger, 
MD Sponsor: Dept of Ophthalmol, Manhattan 
Eye, Ear & Throat Hosp Contact: Kimberly 
Corbin, Course Coord, Dept of Ophthalmol, 
MEETH, 210 E 64th St, New York, NY 10021; 
(212) 605-3761 


CURRICULUM 


Dermatologic Disorders. 


COURSE CHAIRMAN 
Robert H. Ritch, M.D. 


FACULTY 


DEMONSTRATION å & CLINICAL UPDATE 


LASER SURGERY UPDATE 
Excimer Laser Keratotomy; Laser Phakolysis, Eximer Laser 
eci lectomy; Macular Degeneration; Diabetic Retinopathy, 


- SYSTEMIC DISEASE UPDATE 
emic = Hypertension; Ophthalmic Drug Complications, Ocular 
$ Complications of AIDS; Update on Antibiotics. 





Ear & Throat Hosp Contact: Kimberly Corbin, 
Course Coord, Dept of Ophthalmol, MEETH, 
210 E 64th St, New York, NY 10021; (212) 605- 
e761 


The Edward S. Harkness Eye inst, Columbia- 
Presbyterian Med Ctr 1990-1991 Basic Sci and 
Clin Sci Course At: New York Dates: 1/3/91 to 
1/31/91 (Basic Sci Course) and 10/8/90 to 3/ 
22/91 (Clin Sei Course} Reg Fee: $750 Contact: 
Ms Clara Duffy, Prem Coord, Edward 8. Hark- 
ness Eye Inst, 685 W 165th St, New York, NY 
10032; (212) 305-2725 


41st Ann Postgrad Review Course in Ophthalmol 
At: Syracuse Dates: 11/30/90 to 12/1/90 Hrs In- 
str: 14 Contact: Office of Cont Educ, SUNY 
Health Sci Ctr at Syracuse, 750 E Adams St, 
Syracuse, NY 138210; (815) 464-4607 or 1-800- 
283-4606 


Ophthaimol Enters the Nineties At: Valhalla 
Date: 9/22/90 Reg Fee: $125, areas $35, 
residents & fellows Contact: Dept of Ophthal- 
mol, Camille Damiano, Westchester County 
Med Ctr, Valhalla, NY 10595; (914) 285-7671 


OHIO 


Fifth Ann Tilles-Weidenthai Lec At: Cleveland 
Date: 9/15/90 Hrs Instr: 3 Reg Fee: none Corm- 
tact: David T. Weidenthal, MD, Dir, Div of 
Ophthalmol, Saint Luke’s Hosp, 11311 Shaker 
Blvd, Cleveland, OH 44104; (216) 868-7146 


The Cornea: Med, Surg, & Laser Update At: 
Cleveland Dates: 10/12/90 to 10/13/90 Hrs in- 
str: 8.75 Sponsor: Division of Ophthalmol, Case 
Western Reserve Univ Sch of Med Contact: 
Office of CME: (216) 368-3114 


The 1990 Ross/Ohio State Nati Contact Lens 






‘Mtg. Dates: 9/7/90 to 9/9/90 Con- 
tact: Cindy Grunden, Ross Labs, Dept 424/84, 
625 Cleveland Ave, Columbus, OH 43215; (614) 
229-7178 






OREGON 





A Pageant of Neuro-Ophthalmol At: Ashland 
Dates: 9/21/90 to 9/23/90 Contact: Oregon Eye 
Inst, 1550 Oak St, Eugene, OR 97401; (503) 484- 
3937 


TEXAS 


Cataract 1990 At: Dallas Date: 9/7/90 Reg Fee: 
$135, physicians, $65, residents (before 8/17/ 
90), $165, physicians, $85, residents (after 8/ 

7/90) Contact: Office of CME, Presbyterian 
Healthcare System, 8200 Walnut Hill Ln, Dal- 
las, TX 75231; (214) 696-8458 


Welsh Cataract Congress 1990 At: Houston 
Dates: 9/13/90 to 9/15/90 Contact: Eula Mae 
Childs, Cullen Eve Inst, Baylor Coll of Med, 6501 









T Michael Berlin, Jack Dodick, Frederick Fraunfelder, 
orothy Friedberg, Roy Geronemus, Michael Miller, Robert 
ph David ela i Puliafito, Charles Smithen. 














snited Registration, CME Category I Accreditation 
ation contact: Francine Leinhardt, Course Coordinator 


Jew York, N.Y. 10021 (212) 838-9200 Ext. 2776, FAX (212) 832-9126 





Fannin (NC200), Houston, TX 77030; (713) 798- $ 
5941 
32nd Ann Course in Contact Lens Technology 
At: Houston Dates: 11/19/90 to 12/1/90 Con- 
tact: Bette Burkett, Contact Lens Technology 
Course, Cullen Eye Inst, Baylor Coll of Med, 
Houston, TX 77030 
WASHINGTON DC 
Armed Forces Inst of Pathology & American 
Registry of Pathology Ann Courses At: Wash- 
ington Dates: 8/25/90 to 8/26/90 (Anatomy, 
Histology & Electron Microscopy of the Eye, 
Orbit, & Ocular Adnexa) & 8/27/90 to 8/31/90 
(Ophthalmic Pathology for Ophthalmologists) 
Reg Fee: $200 for Anatomy course, $450 for 
Pathology course Contact: American Registry 
of Pathology, Armed Forces Inst of Pathology, 
Washington, DC 20306-6000 ee 
Ocular & Orbital Tumor Symposium 
sponsored by 
December 7—8, 1990 
MEDIC AT Wyndham Milwaukee Center 
COLLEGE _? 
EYE INSTITUTE & Course Directors + 
CANCER CENTER Gerald J. Harris, M.D., FACS 
William F. Mieler, M.D., FACS 
Guest Faculty 
JERRY A. SHIELDS, M.D. FREDERICK A. JAKOBIEC, M.D. 
Philadelphia, PA Boston, MA 
Additional Speakers 
Medical College of Wisconsin Faculty from the Departments of 
Ophthalmology, Radiology, Radiation-Oncology, Hematology 
Oncology, Neurosurgery, and Otolaryngology 
REGISTRATION DEADLINE: NOVEMBER 15, 1990 
Participating Physicians~$250 Residents /Fellows—$75 
CME Credits Available 


For further information, contact: 
William F. Mieler, M.D. 
Eye Institute / Medical College of Wisconsin 
8700 West Wisconsin Avenue, Milwaukee, WI 53226 
(414) 257-5544 











WVIRGINIA 


nn Ophthalmol Clin Cont At: Morgantown 

Dates: 10/19/90 to 10/20/90 Contact: Patricia 

Schumann, Conf Coord, Dept of Ophthalmol, 

West Virginia Univ Health Sei Ctr N, Morgan- 
town, WV 26506; (304) 293-3757 


WISCONSIN 


Ann Fali Symp: Current Concepts in Ophthalmol 
At: Milwaukee Dates: 10/12/90 to 10/13/90 
Contact: Ms Tammy Conant, The Eye Inst, 8700 
W Wisconsin Ave, Milwaukee, WI 53226; (414) 
257-5102 














Ocular & Orbital Tumor Symp At: Milwaukee 

Dates: 12/7/90 to 12/8/90 Reg Fee: $250, par- 
ticipating physicians; $75, residents and fellows 
. (reg deadline, 11/15/90) Contact: William F. 
~ Mieler, MD, Eye Inst/Med Coll of Wisconsin, 
8700 W Wisconsin Ave, Milwaukee, WI 53226: 
414) 257-5544 


oe FOREIGN 
` Seventh Ann Winter Glaucoma Symp & Prac 
Mgmt Sem At: Grand Cayman, British West 
Indies Dates: 2/17/91 to 2/19/91 Hrs Instr: 12 
Reg Fee: $400 (before October 15); $450 (Octo- 
ber 15 and after} Contact: David Townsend, 
Assoc in Med Marketing Co Inc, 9 Pheasant Run 
Rd, Newtown, PA 18940; (215) 860-9600 
Current Concepts in Ophthaimoi: Mgmt of Cata- 
ract-Glaucoma At: Athens, Greece Date: 9/8/90 
Contact: Panhellenic Ophthalmological Soc, 
Univ Eye Clin, AHEPA Hosp, Thessaloniki, 
Greece 
Ann Ophthaimoi Convention At: San Juan, Puerto 
Rico Dates: 10/11/90 to 10/14/90 Hrs Instr: 18 
Sponsor: Section of Ophthalmol, Puerto Rico 
Med Assn Contact: Victor M. Diaz Bonnet, MD, 


Box 1184, Hato Rey, Puerto Rico 00919; (809) 
aS 763-9470 


-The Cornea 

dical, Surgical and Laser Update 
sponsored by the Division of Ophthalmology 

ase Western Reserve University School of Medicine 


October 12-13, 1990 
Cleveland, Ohio 
Course Directors William E. Cappaert, M.D. 

P Jonathan H. Lass, M.D. 
uest Speakers 

1es Rowsey, M.D.; Clinical Professor 

y of Oklahoma 

tern, M.D.; Director, Corneal and External Disease 
Florida School of Medicine 

einert, M.D.; Director, Cornea Service 

etts Eye and Ear Infirmary 















ment Surgery: small incision cataract surgery; 

r the cataract surgeon; keratoplasty 

ase and Surgery; surgical and contact lens 
keratoconus; molteno implant; infectious keratitis 
ctive Surgery: epikeratoplasty and intracorneal 
update; excimer laser refractive surgery 

nal Disease: ophthalmia neonatorum; herpes 
atitis in the contact lens patient 








The Office of CME, (216)368-3114 

















The Retinal Vascular Center of 

The Wilmer Institute 
The Johns Hopkins Medical Institutions 
presents i. 


DIABETIC 
IN 1990 


Friday, November 16, 1990 E 





This course will stress diagnosis and treatment 
all forms of diabetic retinopathy, applying and int 
preting the results of available studies, includi 
results of the Early Treatment Diabetic Retinopat 
Study (ETDRS). The faculty, including princi 
investigators of the ETDRS, will stress: dr 


* Recognizing stages of retinopathy for treatme 
with photocoagulation to prevent or reduce rish 
of visual loss; A 


e Diagnosis and photocoagulation of diabetic 
macular edema; D 


¢ Treatment of preproliferative and proliferative 
retinopathy. E 


Course Director 
Robert P. Murphy, M.D. 
Location 
The Johns Hopkins Medical Institutions 
Baltimore, Maryland 


Course Fee 
$225 
$110 (those in training) 
Credit aim e a 
8.5 AMA Category | credits will be awarded. | 
Special Guest Faculty _ | 
Lioyd M. Aiello, M.D. 7 
Emily Y. Chew, M.D. 
Matthew D. Davis, M.D. 
Frederick L. Ferris, tl, M.D. 
Lawrence |. Rand, M.D. 


and 












o o The Osler Institute — o 
Ophthalmology Review Course 

November 8-13, 1990 — San Francisco 
April 12-17, 1991 — Chicago’ 


Now, your comprehensive review just before written and oral exams 
BJECTIVES METHODS 

















mprove basic and clinical knowledge in ophthalmology e HOME STUDY assignments with questions and answers 
“Assist residents and fellows to study efficiently e SEMINAR with projection-slide lecture and syllabus 
Prepare candidates to take their final examinations e PRACTICE EXAMS with oral and written parts 
The faculty was outstanding. The most pleasant thing was learning a tremendous amount, "Accommodations were comfortable...."* 


only from world-famous authorities but from people who are relatively unknown as well." 
a GOALS: This course for residents and  ų 






















a TOPICS FACULTY poo ee iS E ut 
a prehensive review and update held the 
Kun damentals Ocular Surface Crowell Beard, M.D. week before written and oral exams. Home 
=> Anatomy External Disease TRE D a aes study questions will be sent before the 
a Biochemistry Cornea a „ San francisco | course. Your best value is to repeat the 
-Physiology Conjunctiva Devron Char, M.D. seminar for half price the week before both 
“Pharmacology Sclera Professor of Ophthalmology | written and oral exams. Topics and faculty . 
Se Univ. of Calif., San Francisco | are upgraded for each course. 
Optics and Refraction Anterior Segment 
T | : : dki Steve Feldon, M.D. " those little extras..." 
_ Ophthalmic Optics Anterior Angle Assoc. Professor of Ophth. te these Mle Om 
- Refractive Errors Glaucoma Univ. of Southern California | LOCATION: The course is held in San 
- Instruments Lens Peter Fries, M.D. Francisco and Chicago as the most con- 
< Clinical Refraction Trauma Chief of Orbit and Plastic venient location for exam candidates. The 


a ew, course hotel will be the best available com- 
. Intraocular Orbit and Adnexa Letterman Army Med. Center) bination of excellent study environment 
-Inflammation Orbit Donald Gagliano, M.D. and bargain rates. 
- Uveal Tract Eyelids Chief of Retina and Vitreous | : w 
~ Ocular Tumors Lacrimal System Letterman Army Med. Center| “remarkably complete and pleasant. ™* 


a Plastic Surge David Guyton, M.D. LOWEST AIR FARES: Pi ll- 
_ Posterior Segment ; ie Professor of Ophthalmology free 1300-5488 185 a dtr Rice 
Retina Medical Problems Johns Hopkins University 
Vitreous Immunology Lee Hunter, M.D. "I feel [the course] helped me pass..." 
Laser Surgery Endocrinology Chief of Pediatric Ophth. aaa aaah 
Macula Systemic Diseases Letterman Army Med. Center PLACEMENT SERVICE: For a practice 


Alier , . opportunity write or call 1-800-356-7537. 
Vascular Disease Emergencies Jan McDonnell, M.D. 


Neuro-ophthalmology Ophthalmic Pathology ca F a Labeda aa "the most education for the money..." 
oe Adnexa and Orbit l FEES AND COURSE HOURS: 


-Optic Nerve External Eye John Stanley, M.D. e Physician or Resident: Phy. Res. Hrs. 


-Visual Pathways Anterior Segment aaa era e Six day course: $720 $480 60 
-Pupillomotor System Posterior Segment i e Extra mock orals day: $150 $150 8 
‘Oculomotor System geek Thomas Stevens, M.D. e Repeating course within 2 yrs: S360 
ke Other Activities Professor of Ophthalmology e Add 10% within 10 days of the course. 
Pediatric Eye Pathology Laboratory University of Wisconsin e Attendees not in ea hotel Pa 
Congenital Disorders Written Exam e Fees do not include lodging or meas.. 
 Fenstic Di Rosa Tang, M.D. e A deposit of $50 will reserve your position. 
-Genetic Disorders Oral Exam Clin. Assoc. Prof. of Ophth. | e Most home study materials will be mailed 


- Strabismus Exam Review The UTx Med. Sch., Houston | after half of the registration fee is received. 
"home study material was extremely helpful." 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 

eCancellation after mailing home study 
material requires retention of half the fee. 


| Limited Enrollment: OPHTHALMOLOGY REVIEW REGISTRATION 
Name 
Address 


3 _ City/State/Zip 
Phone | For: [C] Nov. 8-13, 1990 — San Francisco 





INFORMATION: 

TN C April 12-17, 1991— Chicago t gospi asia ama 4 
: Mail today to: C April 26-May 1, 1991 — B tae POR ij 
oE : pi ay 1, 1991 — Boston ł 1094 Dawn Lane, P.O. Box 2218 
-E 1094 Dawn Lane, Dept 9 C] Check is enclosed for $ Terre Haute, IN 47802 
-| P.O. Box 2218 C Please send more information. (800) 356-7537 or (812) 299-5658 


bee ROR OMRERERHHRE HTB KEES H RRA AHS Hw 


ae * Comments by past Osler participants 


et hb Ob OEE ERRNO SHEERS ER aa ME AE M AEDES ET EES EERSTE SSH ERS SEEK SS e 


aes Terre Haute, IN 47802 + Course being planned 









seventh Annual 

Winter eee 
Symposium and Practice 
Management Seminar | 


February 17-19, 1991 33 
Hyatt Regency, Grand Caymaz 
British West Indies 


Attend the Seventh Annual Winter Glaucoma symposium and le; 
the latest developments in glaucoma therapy, earn CME credits ar 
pick up essential practice management skills while enjoying the 
sun-drenched fun of the Cayman Islands. Je 

The guest speaker, Stephen M. Drance, MD, will lecture on ie 
“Low-Tension Glaucoma.” The two half-day sessions will also include 
y presentations on: ae 

e Predicting risk in ocular hypertension 

° Managing glaucoma in patients with cataracts 

¢ Pregnancy and glaucoma 

° Filtering procedures 

e Neovascular, pigmentary and traumatic glaucoma 

¢ Managing the flat anterior chamber 

¢ Confocal scanning laser ophthalmoloscopy ee 

In addition to the medical forum, Robert Hirsh and Marian Metzge 
will offer a half-day session in practice management. Attendees may 
also meet individually with the consultants, at no additional charge 






| 



























Distinguished Panel of Experts: 

Program Chairman: Jacob T. Wilensky, MD, University of Illinois 
Allan E. Kolker, MD, Washington University 

Irvin P. Pollack, MD, Johns Hopkins University 














Moderator: Alan L. Robin, MD, johns Hopkins University 





Guest Speaker : Stephen M. Drance, MD, Professor. Department of 2 
Ophthalmology, University of British Columbia and Honorary Presiden 
of the XXVII International Congress of Ophthalmology k. 













Fee: $450. Prior to October 15: $400. -. 
CME Credit: 12 hours Category | through the University of Illinois fog 
i ee O S 


Sponsored by IOLAB Pharmaceuticals 


Enrollment is limited to 100. 
Be sure to register today to reserve your place. 


To register, or for more information, contact Mr. David Townsend, 
Associates in Medical Marketing Co., Inc., 9 Pheasant Run Road, 
Newtown, PA 18940, (215) 860-9600. 


The better fares are limited; call early for travel information and | 
reservations: Barbara Sotire, Rosenbluth Travel, 2110 Route 70 East, E 
Cherry Hill, NJ 08003, (609) 424-0367. (800) 232-6672. 












‘ine a 


All classified advertising orders, correspondence and payments should be directed to: Archives of Ophthalmology, P.O. Box 1510, 
Clearwater, Florida 34617. Our telephone numbers are: 800-237-9851, 813-443-7666. Please do not send classified ads, payments or 
related correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: 
Box c/o AOP, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their 
mail sent in care of Archives of Ophthalmology. 





















































(CLASSIFIED 
INFORMATION 
Regular Classified 


ae inorder to earn the three-time rate, your ad must be placed 
-and prepaid at the same time for three or more issues. 


Minimum display ad: one column inch 
-12-time rate available on request. 


| Display Production Charge: The publication 
| will pub-set advertisements upon request. 
-| The typesetting fee is 10% of the one-time ad 

cost shown above. Special requests will be 
-billed to the advertiser and/or agency at the 
then prevailing rates. 


| Closing Date 

| The 25th of the second month prior to issue 
date. Example: The November issue closes 

| September 25th. No ads can be cancelled 

| after the closing date. 


Send all copy, correspondence, production 
materials and payments to: 


archives of 
Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 








- For assistance with your ad schedule call toll free: ophthalmology. Good referral base. Modern, well starting date. Contact: David J. Schanzlin, MD, * 
800-237-9851 O 813-443-7666 equipped office with friendly cohesive staff. Family an A Genco p panard ogy =i 
oriented community. Excellent salary leading to Eye Institute, 3655 Vista, St. Louis, MO 63110. 
partnership. Call: Mary Ann O'Flynn at (392) 652- 
: me 3353. Or send curriculum vitae to: Eye Physicians , f 
Professional Opportunities and Surgeons, P.A. at 1207 North Scott Street, Wil- WISCONSIN: A widely respected, rapidly growing 
= : | mington, DE 19806. general specialty ophthalmology clinic is seeking a 
-MEDICAL OPHTHALMOLOGIST — Excellent en feina specialist interested in a medicai/surgical 
_ opportunity to join a busy ophthalmology practice RETINA — FLORIDA: Private practice retina group practice. Backed by a fully equipped retinal depart- 
-in San Antonio, Texas. interested individuals should seeks additional associate with medical/surgical ment with full-time RN and photographer, we offer a 
"forward CV to: Box #613, c/o AOP. RV experience. Outstanding opportunity with large, state-of-the-art modern practice with Hibs a 
en ate On a are modern facilities. Lovely sunbelt city near beaches. offices and a large new hospital. Practice is located 
OPHTHALMOLOGIST to lease office space in 25- Resume to: Box #626, c/o AOP. in an “All American City” with fine school systems 
-year established eye center as independent practi- re L and multiple recreational opportunities. Please send 
-tioner, Established ophthalmologists now present DIRECTOR OF NEUROSENSORY Laboratory — Cyto: Sharon Blaschka, Eye Clinic of Wausau, S.C., 
-for providing overflow, emergencies, walk-ins, etc. The Department of Ophthalmology at the University 614 First Street PO. Box 689, Wausau, WI 
` Experienced personnel available to facilitate start- of Maryland at Baltimore is seeking a staff member 54409-0689. i 
= rab hells and remain if wanted. Occupancy flex- with training in clinical electrophysiology. Strong 
“ible between June 1, 1990 and January 1, 1991, research background and teaching experience is Bi : i 
-| depending on mutual interests. An opportunity to highly desirable. Please send CV to: Howard F- i fi es, Fe ale ali hac 
| establish your own practice in an established office Perel, MD. Chairman, Search Committee. Depart- S&e re evoye T as i ae nas j al bi tides 
| with knowledgeable help and minimal outlay! ment of Ophthaimology. University of Maryland saint eal eee 4 a emea k 
: | Southern California. Box #614, c/o AOP. Medical Center, 22 South Greene Street, Baltimore, irteen ophthalmologists and sixteen optometrists n 


| rounded ophthalmologist needed in center of 
_| northern Minnesota lake country. High pathology. 
_4 very active surgical practice. Well staffed. Located in 

smaller community with four year university. Box 
- #617, c/o AOP. 


ti tah ih e a ED sre een oo 
OPHTHALMOLOGIST — MINNESOTA: Well 





Professional Opportunities 


OPHTHALMOLOGIST: 80 plus physician pres- 
tigious multi-specialty group seeks BC/BE general 
ophthaimologist to establish department. Excep- 


thalmologists in upper Great Lakes area. Modern, 
attractive ophthalmologist-owned clinic building with 
state-of-the-art equipment and optical dispensary 
with registered optician. Winning combination of 


LEWISBURG, TENNESSEE 


Looking fer an excellent opportunity? 
Ophthaimologist is needed for a rapid growth 
area in 119-bed rural hospital located between 
Nashville, Tennessee and Huntsville, Alabama. 
Asolo practice can be established with a sub- 


stantial monthly salary guarantee, ali insur- 
ances, office staff, and office space paid for 
the first year, plus a quiet lifestyle in a beautiful 
country setting. Contact: Doug Dailey 
Lewisburg Community Hospital 
P.O. Box 1609, Lewisburg, TN 37091 
(615) 359-6276 





VITREO-RETINAL SURGEON needed to join busy 
midwest medical and surgical retina-only practice. 
Fully equipped, multi-office practice. Fellowship 
required. Excellent salary with buy-in leading to 
partnership. ideal area for family living with year 
round recreation and excellent school systems. 
Box #623, c/o AOP. 


GLAUCOMA SPECIALIST and vitreo-retinal 
specialist — Ophthalmology group practice in 
Wilmington, Delaware, 30 minutes from Philadel- 
phia, seeks fellowship-trained glaucoma specialist, 
and vitreo-retinal specialist. Existing staff includes 
specialists in retina, oculoplastics and neuro- 








MC 21201. The University of Maryland at Baltimore 
is an affirmative action/equal opportunity employer. 
a cg a aaa ae rin 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, —-——- c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 


DENONA AAEN EAIA AAAA RAEE AEEA ENTENATA AEA EEA 





Professional Opportunities 


nee See 
VITREO-RETINAL SPECIALIST: Busy soio vitreo- 
retinal medical/surgical practice in Alaska’s largest 
city seeks a fellowship-trained associate. Excel- 
lently equipped hospital. Shared laser, ultrasound, 


f ; tional opportunity and compensation. Contact: Tom 
1 Time ks Matis Regan, P.O. Box 1818, Bismarck, ND 58502. (701) fluorescein if desired. Adjoining, partially equipped 
Pi 955-5321. office space available. Send CV to: Thomas J. 
set Der word 95 B a ason, MD, 3500 LaTouche, Suite 250, Anchor- 
eA oana $ e EXCELLENT OPPORTUNITY to join two busy oph- age, AK 99508. 


SFOS a A Se ETI 
MEDICAL RETINA — High volume vitreo-retinal 
practice in southeast desires associate with medical 
retina interest. Must be fellowship trained and board- 





baat INE it Sikh th ea RIOR Re mee eRe nae neat 
GENERAL OPHTHALMOLOGIST — Prestigious, 
well-established ophthaimology practice in Chicago 
and northern suburbs looking for associate to begin 
immediately. Fellowship training in plastics, medi- 
cal retina or cornea are desirable but not mandatory. 
Potential to possible partnership. Salary negotiable. 
Box #629, c/o AOP. 


PEDIATRIC OPHTHALMOLOGIST, general oph- 
thalmologist — Minneapolis/St. Paul: Two BC/BE 
physicians to join staff of nine ophthalmologists in 
one of the oldest pre-paid, muiti-specialty group 
practices in the midwest. Superb compensation 
package with an extremely stimulating practice 
environment. Please send curriculum vitae to: Phy- 
sician Services, Group Health, Inc., 2829 University 
Avenue Southeast, Minneapolis, MN 55414. 


eee ee 
CORNEA: Cornea group seeks additional associate 
for high volume surgical practice, limited to cornea 
and external disease; fellowship required. Con- 
tact: Theodore Perl, MD, Corneal Associates of New 
Jersey, (201) 736-1313. 
















PEDIATRIC OPHTHALMOLOGIST 
Second, full-time, academic pediatric ophthal- 
mologist needed for expanding department at 
children's hospital. BE/BC, fellowship trained. 
Clinical, research and teaching responsibilities. 
Position available immediately or will discuss 


serving over 400,000 patients. Excellent ophthaimic 
technician staff perform and develop fluorescein 
angiograms. Competitive salary and outstanding 


benefits. Send CV to: James E. Hine, MD, Chief, — 


Department of Ophthalmology, The Permenente | 





Classified Display 1 Time 3 Times long established, reputable clinic with superbly certified. Reply: Box #628, c/o AOP. 
Full trained staff; good surgical, medical volume and - l - 
eee 2030 FOO T I OANO aporored hospital with modern ouir AE ORR ree ie a cone 

_ Two-thirds page 539 496 patient department and staff of 37, most of whom thaimologist seeking personable, ethical, board- 
-One-half page 476 438 are specialists. Beautiful area in which to live, with TETA a pOr S AR HE 
-One-third page 378 348 good recreational and educational opportunities. y gr Fee qoe youne 
Ml pag Negotiated salary and benefits. Full partnershi for an additional ophthalmologist. Send CV with | >; 
_One-sixth page 952 939 eon i P FSMD references to: Ronald B. Hanovice, MD, 84 Hurley |} = > 
pg i option if mutually agreeable. Please reply to: Box Avenue, Kingston, NY 12401 a 
-Column inch | 55 50 #624, c/o AOP. e la hcl , 











Medical Group, inc., 2025 Morse Avenue, Sacra- | 
mento, CA 95825. re 








ving medical center with extensive diagnostic 
iboratory services. Association with opportu- 


OPHTHALMOLOGIST 


Ophthalmologist with fellowship training in Orbital 
and Oculoplastic Surgery to work at least 50% in 
area. Gundersen Clinic is a 250-physi- 
ulti-specialty group with adjacent 402-bed 
teaching and tertiary level facility. Current depart- 
“ment has seven Ophthalmologists, twelve certi- 
‘fied technicians, YAG laser, Argon-Krypton laser, 
| A&B scan, auto perimeter, etc. Applicant will do EF 
general ophthalmology including cataract surgery 
- as weil. 


Gundersen Clinic is located on the Mississippi River 
in La Crosse, WI, a metropolitan area of 100,000 
people. Beautiful setting with many cultural and 
reational opportunities available. Excellent schoo! 
system, University of Wisconsin-La Crosse, a pri- 
vate, 4-year college and a technical college also 
located in the community. Excellent working con- 
itions, competitive salary and excellent pension 
program. No investment required. 


Send C.V. to: Philip J. Dahlberg, M.D., Chairman, 
nel Committee, or CALL COLLECT to Tim 

ner, M.S.Ed., Manager, Physician Recruitment, 
Q 782-7300, ext. 3684. 





- Gundersen Clinic, Ltd. 
1836 South Avenue 
Dept. S-7 
La Crosse, Wisconsin 54601 


An Equal Opportunity Employer 


Faculty Positions 


oNITREAL/RETINAL SURGEON — Full-time aca- 
de mic position available July 1, 1990 for vitreal/reti- 
urgeon. Responsibilities include resident and 
ical student teaching, patient care, and research. 
um ea include etigibility for licen- 











ga State University is conducting a 
ch. fora second neuro-ophthalmologist 
tant Professor, full-time/fuli-year, tem- 
rary). Research experience, a strong interest 
teaching and documented expertise in patient 
is essential. The candidate must be BE/BC 
Athalmology or neurology with formal 
1€ “ophthalmology fellowship training. 
Sal ary will be commensurate with experience. 








pew 1, Kaufman, D.O. 
8309 W. Fee Hall 
ichigan State University 
ast Lansing, Ml 48824 
(517) 353-3211 


action/equal opportunity institution. 




































































“Faculty: ositions : 


WANTED: ORTHOPTIST for full-time posit on a 
University of Texas Medical Branch at Galveston. 
(UTMB). Practice with full-time faculty pediatric. 
ophthalmologist. Opportunity for stimulating teach- 
ing and research. Competitive salary and good 
fringe benefits. Galveston Beach resort has excel- 
lent climate for year-round outdoor activities. UTMB 
is an equal opportunity M/F/H/V affirmative 
employer. UTMB hires only individuais authorized 
to work in the United States. Contact: Mary Ann. 
Lavery, MD, Pediatric Ophthalmoloigst: (409) 761- . |- 
3638 days; or (409) 744-8707 evenings. Send resume | 
to: Department of Ophthalmology, Route G-87, F 
UTMB, Galveston, TX 77550. 


Faculty Positions 


THE WILMER EYE INSTITUTE 


The Johns Hopkins University Schoo! of Medicine 
is now accepting applications for a position in 
uveitis. Persons with an interest in teaching, 
research, and/or clinical care in uveitis/clinical 
immunology are invited to apply. Academic rank 
and compensation are dependent upon prior expe- 
rience, A detailed curriculum vitae, including a list 
of publications and three (3) letters of recommen- 
dations shouid be addressed to: 
Douglas A. Jabs, MD 
Associate Professor of Ophthalmology 
and Medicine 


THE WILMER EYE INSTITUTE 
550 North Broadway. Suite 700 
Baltimore, MD 21205 
The Johns Hopkins University is an 
equal opportunity/affirmative action employer. 


ASSISTANT/ASSOCIATE PROFESSOR of Ophthal- 
mology — The University of Nebraska College of 
Medicine, Department of Ophthalmology is seeking 
a full-time academic ophthalmologist, with or with- 
out a sub-specialty interest. A strong commitment 
to resident, medical student teaching and research 
is essential. Requirements include completion of a 
satisfactory residency and American Board of Oph- 
thaimology eligibility or certification. Must have 
documented prior teaching and research experience. 
Salary and rank commensurate with education and 
experience. Health Professions (tenure-leading) 
appointment contract with potential for renewal. 
Position available immediately. Send curriculum 
vitae to: Michael Yablonski, MD, PhD, Professor and 
Chairman, Department of Ophthalmology, Univer- 
sity of Nebraska Medical Center, 600 South 42nd 
Street, Omaha, NE 68198-5540. (402) 559-4276. An 
equa! opportunity/affirmative action employer. 


OPHTHALMOLOGIST/Subspeciaity: Vitreous. and 
retina. The Dartmount-Hitchcock Medical Center in 
Hanover, New Hampshire, is searching for a fuli- 
time clinical/academic ophthalmologist to join e: 
faculty. Candidates for this position must be BC/BQ: 
in ophthalmology and will be expected to provid 
both in and outpatient general ophthaimologi ; 
care with special competence in diseases and 
surgery of the vitreous and retina. A strong com>. 
mitment to teaching of both medical students an 
residents is expected and an interest in clinical an 
basic research is encouraged. The individual will t 
an employee of the Hitchcock Clinic and will recei 
an appropriate academic appointment as a membe 
of the faculty of Dartmouth Medical School. DHM 
is an AA/EO employer. Inquiries and resume 
should be directed to the Chair of the Search Com 
mittee: Gault M. Farrell, MO, Section of Ophtha 
mology, Dartmouth-Hitchcock Medical Cente 
Hanover, NH 03756. Telephone: (603) 646-5123. 





Positions Wanted 


OPHTHALMOLOGIST — Board-certitied with 15. 
years experience desires position in metropolitan i 
Detroit area. Box #630, c/o AOP. : 





PLEASE NOTE — Address replies to box number 
ads as follows: Box number, , c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 









Ophthalmologist 


Kaiser Permanente, Northwest Region, is seeking a board 







certified or eligible Ophthalmologist for a one-year locum tenens 






position with our multispecialty group in Portland, Oregon 


beginning July 1991. We currently have eight Ophthalmologists 






on staff; two specializing in cornea and retina. 






Experience the quality of life in the beautiful Pacific Northwest, 






close to mountains and beaches. We offer a competitive salary and 






paid malpractice. Forward inquiry and C.V. to: Fred M. Nomura, 






M.D., Regional Medical Director, Northwest Permanente, PC., 3600 






N. Interstate Ave., Portland, Oregon 97227. E.O.E. 
o 9 


W 


KAISER PERMANENTE 


Northwest Permanente PC. 
Physicians and Surgeons 
















una HEAD A 
DEPARTMENT OF 
OPHTHALMOLOGY 
UNIVERSITY OF MINNESOTA 


_| Applications are being solicited for the position of Head and Tenured Professor 
_ ofthe Department of Ophthalmology, University of Minnesota Medical School, 
and Chief of Ophthalmology of the University of Minnesota Hospital and 
< Clinic, Minneapolis, Minnesota. 


| Itis expected that this person will provide leadership in administration of all 
| aspects of the department. We seek a candidate who is board-certified in 
ophthalmology and has outstanding academic credentials. The candidate 
-should have demonstrated experience, skill and leadership in patient care, 
|} research, teaching and administration, and must have a national and inter- 
{f national reputation in his/her professional field. 


Submit inquiries and curriculum vitae by October 1, 1990 to: 


Roberto C. Heros, MD 
Head, Department of Neurosurgery 
Chairman, Ophthalmology Search Committee 
University of Minnesota Medical School 
Box 96 UMHC 
420 Delaware Street S.E. 
Minneapolis, Minnesota 55455 


tUTEEE THEE HET ETE TEETH 


The University of Minnesota is an equal opportunity educator and employer and specifically invites 
and encourages applications from women and minorities. 


Department of Ophthalmology 


| | Following the appointment of Dr Hugh Taylor to the Ringland Anderson Chair of Ophthalmology from 

i.f 4 July 1990, the Department of Ophthalmology wishes to establish an Epidemiology Unit which will 

| Joundertake studies of the epidemiology of eye diseases. These studies are likely to include population- 

| f based prevalence studies, case contro! studies, clinical trials and health services research. The Unit 
į will be based in the Department which is situated at The Royal Victorian Eye and Ear Hospital. 


Epidemiologist 


| Applications are called for an epidemiologist to head this Unit. Applicants will need to have postgraduate 
qualifications in epidemiology or related fields, such as a PhD or medical degree with an MPH, and 
to have had some relevant practical experience. 


-$ | Salary is in the range: $433,163 pa - $443,096 pa (Research Fellow Grade 2) or $A43.984 pa - $451,015 
| pa {Senior Research Fellow) depending on qualifications and experience. 


| The appointment is for 3 years in the first instance subject to the availability of funding at all times. 

Position Number: 5764150. Closing Date: 30 September 1990. 
Applications, in duplicate. including names. addresses and fax numbers of at least three referees 
and quoting position number should be addressed to The Director. Personnel Services, The University 
4$ {| of Melbourne, Parkville, Victoria, 3052, Australia. 


The University of Melbourne is an equal opportunity employer and has a smoke free work-place policy. 


The Ontversity 
—_— of IVlelbourne- 


AmIGA7S 
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ulty Positions 








THE WILMER EYE INSTITUTE 


The Johns Hopkins University Schoo! of Medi- 
cine is now accepting applications for a position 
in Uveitis. Persons with an interest in teaching. 
research, and/or clinical care in uveitis/clinical 
immunology are invited to apply. Academic rank 
and compensation are dependent upon prior 
experience. A detailed curriculum vitae, including 
a fist of publications and three (3} letters of 
recommendation should be addressed to: 
Douglas A. Jabs. MD 
Associate Professor of 
Ophthalmology and Medicine 
The Wiimer Eye institute 
550 North Broadway. Suite 700 
Baltimore, MD 21205 
The Johns Hopkins University is an equal oppor- 
tunity/affirmative action employer. 


CHAIRPERSON AND 
PROFESSOR, 
DEPARTMENT OF 
OPHTHALMOLOGY 


Applications are invited for the posi- 
tion of Professor of the Department 
of Ophthalmology, Tufts University 
School of Medicine, and Ophthal- 
mologist-in-Chief, New England Med- 
ical Center Hospitals. We seek a can- 
didate with the highest academic 
credentials who will be able to direct 
a vigorous multi-faceted department 
in an expanding academic medical 
center and leading medical school. 


Please send your curriculum vitae 
and supporting information to 
Randolph B. Reinhold, M.D., Profes- 
sor and Vice Chairman, Department 
of Surgery, Tufts University School 
of Medicine, 750 Washington Street, 
NEMC Box 154, Boston, MA 02111. 
Applications are being reviewed 
{beginning June 1, 1990) and will 
continue until the successful candi- 
date is selected. Tufts University and 
the New England Medical Center 
Hospitals are Equal Employment 
Opportunity Employers and encour- 
age minorities and women to apply. 


New England 
=) Medical Center 
SIF Hospitals 
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WE'RE DOING IMPORTANT WORK ALL THE TIME. | 


Directors Wanted 


RESIDENCY 
PROGRAM DIRECTOR 


Unique opportunity for dynamic, well-trained 
board-certified ophthalmologist to direct a resi- 
dency program in a tertiary hospital setting. Duties 
include: teaching and supervision of residents in 















an out-patient setting and in surgery, selection of 
residents for the program, and administrative 
duties to assure complhance with RRC require- 
ments. Competitive compensation package for 
this full-time position. Reply in confidence to: 


Norman H. Sobel. VP, Medical Services 
ST. FRANCIS 
MEDICAL CENTER 
45th Street (off Penn Avenue} 
Pittsburgh, PA 15201 
{412} 622-4379 
EOE 





ina Faculty Position 


he Department of Ophthalmology at the Indiana University School 

of Medicine is now accepting applications for a full-time 

medical/surgical academic position in the Retina and Vitreous 
Diseases Section at the level of assistant professor. 


R equisites include demonstrable research interests and commitment 

| to resident education, eligibility for medical licensure in Indiana 
and board-certification or -eligibility. Individuals should have 
completed sub-specialty fellowship training from a fully 
accredited institution. 


diana University is an equal opportunity and affirmative action 
employer. The Indiana University Medical Center Depart- 
‘ment of Ophthalmology includes eighteen residents, V.A., 
County, and university hospitals. 


end CV and minimum of six (6) letters of reference to: 


Robert D. Yee, MD 
<< €/o Sandra Eads 
diana University School of Medicine 
Department of Ophthalmology 
-- 702 Rotary Circle #337 
Indianapolis, Indiana 46202 


MERICAN DIOPTER & DECIBEL SOCIETY 
a Bi-annual Meeting 


Announcement and Call for Abstracts 
Contemporary Topics in 
Ophthalmology and Otolaryngology 


at the 
HILTON INTERNATIONAL BARBADOS 
Barbados, West Indies 


JANUARY 19 - 26, 1991 


tration Fees: $375 Members $450 Non-members 
O page abstracts should be sent by September 1, 1990 to: 


Ophthalmology 


_ Jonas T. Johnson, MD or Albert W. Biglan, MD 
` Donald B. Kamerer, MD 3518 Fifth Avenue 

< Department of Otolaryngology Pittsburgh, PA 15213 
& Ear Institute of Pittsburgh 


_ For additional information, contact: 


l Robin L. Wagner, Administrative Coordinator 
(412) 647-2227 or FAX (412) 647-7964 





PRACTICE FOR SALE: Oregon — Well established. 






















FELLOWSHIP — OCULAR TRAUMA. ‘The 3 Helen 
Keller Eye Research Foundation and the Combined 
Program in Ophthalmology are accepting applica- 
tions for a one-year fellowship in ocular trauma at $ 
the Eye Foundation Hospital/University of Alabama |; 
at Birmingham. Extensive experience in emer- -}- 
gency room evaluation and treatment, anterior and $ 
posterior segment reconstructive surgery, ultra- | > 
sound and electrophysiology, trauma epidemiol-. f 
ogy and oculoplastic/orbital trauma surgery. One j|- 
year formal vitreoretinal fellowship required asa į- 
prerequisite. Please send complete CV to: Helen. |: 
Keller Eye Research Foundation, 700 16th Street A: 
South, Suite 605, Birmingham, AL 35233. sA: 


CORNEA FELLOWSHIP — Fellowship in comaa 
and external disease for thirteen months providing. | 
significant medical and surgical training. Surgical . 
experience will include corneal transplantation,- 
intraocular lens exchange, keratomileusis, lamellar - 
keratoplasty procedures, hydrogel inlays, and kera: 
toprosthesis. Involvement in current and new 
research activities is encouraged. Interested appli- 
cants contact: Francis W. Price, Jr., MD, or William 
E. Whitson, MD, Cornea! Consultants of indiana 
9002 North Meridian Street, Suite 100, Indianapolis 
IN 46260. 


Practices Available 


solo, general ophthalmology practice for sale. Smal 


equipment. Will stay to introduce. Reon. Box #618, ai 
c/o AOP. eel 


PRACTICE SALES are confidential and guaran- 
teed. NMA is the specialist to call for professiona 
help in buying or selling. National Medical Alliance. 
inc., 8136 Old Keene Mill Road, Suite 208B, Spring 
field, VA 22150. (703) 866-5908 or (800) 331- 1986." 





Medical Equipment/ Supplies _ = 


BELROSE'S NEW UNITS — Motorized chair with 
foot pedals. Smoked grey with black tufted cushions © 
with matching stand, three counter balanced armis, 
three wells with push button control for chair. Call- 
for special price: Belrose, 3734 Oakton, Skokie, IL 
60076. (708) 675-2300. a 


FOR SALE — Proper indirect Saninaimbecones: 
West Germany, with wall mounted or table-top 
power supplies, extension cord. Excellent condi- |- 
tion. Best smali pupil ophthalmoscope. $950 each | 
complete. Call: (915) 699-0497. 





Miscellaneous 


GLAUCOMA RESEARCH GRANTS — Applications | ` 
are weicome by the National Glaucoma Research |- 
program of the American Health Assistance Foun- 

dation from investigators for research projects to | == 
find the cause and treatment for glaucoma. Maxi- | > 
mum of $25,000 is available for one year. Renewals. | 
for second year are based upon progress and funds | 
available. Application deadline: November 30, 1990, į- 
American Health Assistance Foundation, Research 
Grants Manager, 15825 Shady Grove Road, Suite 

140, Rockville, MD 20850. (301) 948-3244. 





INTERNATIONAL GLAUCOMA 
SYMPOSIUM 
Jerusalem, Israel, 18-21 March, 1991 


Contact: Ofakim Ltd. — 1.G.S. Organizers 
5 Idelson Street, Tel Aviv, israel 63324 
Telephone: 972-3-650514/7 
FAX: 972-3-650513 TELEX: 371254 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, _ c/o AOP, 
P.O. Box 1510, Clearwater, FL 34617. 








im tic Solution Sterile 


here in thes treatment of AN ocular bacterial eae 
Ir neluding acute bacterial ony junctivitis, and blepharoconjunc- 


an i ; ms: Staphylococcus aureus, Staphylococcus epidermidis, 
treptococcus pneumoniae, Streptococcus viridans, Haemophilus 
inf uenzae and Teajdomonas e * Efficacy for this or- 


ce. Th precaution is necessary if the eels of the 
POE be maintained. If redness, irritation, swelling or pain 
sersists or increases, discontinue use immediately and contact 
-- your physician. Carcinogenesis, Mutagenesis, Impairment of 
Fertility: Carcinogenesis: Long-term studies in animals to 


| evaluate carcinogenic potential have not been conducted with 


polymyxin B sulfate or trimethoprim. Mutagenesis: Trimetho- 


o prim was demonstrated to be non-mutagenic in the Ames assay, 


: ~ In studies at two laboratories no chromosomal damage was 
| detected in cultured Chinese hamster ovary cells at concentra- 
tions approximately 500 times human plasma levels after oral 


|. administration; at concentrations approximately 1000 times 


human plasma levels after oral administration in these same cells 


: ~ a low level of chromosomal damage was induced at one of the 
.| laboratories. Studies to evaluate mutagenic potential have not 
- been conducted with polymyxin B sulfate. Impairment of Fer- 


| tility: Polymyxin B sulfate has been reported to impair the 
= motility of equine sperm, but its effects on male or female fertility 
. are unknown. No adverse effects on fertility or general reproduc- 
tive performance were observed in rats given trimethoprim in 
oral dosages as high as 70 mg/kg/day for males and 14 mg/kg/day 


S for females. Pregnancy: Teratogenic Effects: Pregnancy 
|: Category C. Animal reproduction studies have not been 


- conducted with polymyxin B sulfate. It is not known whether 
polymyxin B sulfate can cause fetal harm when administered to 
‘a pregnant woman or can affect reproduction capacity. Trimetho- 
_ prim has been shown to be teratogenic in the rat when given in 


_| oral doses 40 times the human dose. In some rabbit studies, the 
4 overall increase in fetal loss (dead and resorbed and malformed 


 conceptuses) was associated with oral doses 6 times the human 


| ; therapeutic dose. While there are no large well-controlled studies 


onthe use of trimethoprim in pregnant women, Brumfitt and Pur- 


4. sell, ina retrospective study, reported the outcome of 186 preg- 


nancies during which the mother received either placebo or oral 


‘| trimethoprim in combination with sulfamethoxazole. The inci- 
‘|. dence of congenital abnormalities was 4.5% (3 of 66)i in those who 


received placebo and 3.3% (4 of 120) in those receiving trimetho- 
- prim and sulfamethoxazole. There were no abnormalities in the 
< 10°children whose mothers received the drug during the first 
trimester, In a separate survey, Brumfitt and Pursell also found 


|. no congenital abnormalities in 35 children whose mothers had 


received oral trimethoprim and sulfamethoxazole at the time of 
| conception or shortly thereafter. Because trimethoprim may 
| interfere with folic acid metabolism, trimethoprim should be used 
- during pregnancy only if the potential benefit justifies the poten- 

< tialrisk to the fetus. Nonteratogenic Effects: The oral adminis- 
“tration of trimethoprim to rats at a dose of 70 mg/kg/day com- 

. mencing with the last third of gestation and continuing through 
parturition and lactation caused no deleterious effects on gesta- 
-tion or pup growth and survival, Pediatric Use: Safety and 
effectiveness in children below the age of 2 months have not been 
established (see WARNINGS). ADVERSE REACTIONS: The most 
uent adverse reaction to Polytrim Ophthalmic Solution is local 
irritation consisting of transient burning or stinging, itching or 
increased redness on instillation. These reactions occur in less 
an 4 of 100 patients treated. Polytrim has a low incidence of 
ype rsensitivity reactions (less than 2 of 100 patients treated) 
consisting of lid edema, itching, increased redness, tearing and/or 
- circumocular rash. Although sensitivity reactions to trimethoprim 
- are rare, an isolated incident of photosensitivity was reported 


+ as a patient who received the drug orally. 


: = ALLERGAN PHARMACE UTICALS 


“Allergan Pharmaceuticals, A Division of Allergan, Inc. 
‘Ervine, CA 92718 ©1990 Allergan, Inc. 
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Polytrim Ophthalmic Solution, containing 
the antimicrobial agent trimethoprim, is the first), 
new ophthalmic anti-infective to appear in nine } 
years. And it may be one of the most remarkable. 

Polytrim Solution was proven 98% — 
clinically effective in the treatment of acute 
bacterial conjunctivitis, blepharitis and blepharo- 
conjunctivitis in a randomized, d 
comparative study. ! A 

In vitro, Polytri So lution is active 
against the most common ocular pathogens, 
including various = fains shown resistant to some! S 
other ocular a ectives, such as 


Whats Been Missing F Broad- Spectrum 
-From Your Al O o 
Dilar Antı-Infectve. Pitimethoprim & 


‘Therapy? al a “Polymyxin B 


~ Streptococcus pneumoniae, Staphylococcus 
~ aureus, Haemophilus influenzae and F 
Pseudomonas aeruginosa. ! In vitro data are not. 
always predictive of clinical results. ` N 
Polytrim Solution is well-tolerated, 
demonstrating no corneal toxicity in clinical 
trials. In a study involving over 800 patients, 
the incidenċe of hypersensitivity reactions was | 
less than2%. And that can mean better patient 
acceptance b: 
So for effective, yet gentle, ocular anti- 
infective therapy, choose new Polytrim Solution. 
And experience well-tolerated, broad- 
spectrum ophthalmic coverage as you never 
have before. 
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